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FOREWORD:

RETHINKING SCIENCE AND TECHNOLOGY EDUCATION
TO MEeeT THE DEMANDS OF FUTURE GENERATIONS

IN A CHANGING WORLD )
BRAZIL, 2002

In June 1999, the IX IOSTE Symposium assembly voted that Brazil ought to be the host of the next
symposium. Since then, a great deal of work has been undertaken in order to meet two major guidelines of
IOSTE. On the one hand, we wanted to attain excellency by gathering a group of science educators that
have been meeting in the last years. On the other hand, we wanted to have an impact on public schools.as
much as possible. For the first time in IOSTE symposia, we included a special program for teenagers,
which was called “/OSTEen", broadcasted in a TV open signal by the Ministry of Education. We shared the

-common belief that science and technology are related to the understanding of the natural world and the

changes introduced to it by deliberate human action, as well as that education plays an important role in
preparing future generatiohs to be conscious of the complexities involved in scientific enquiry and in the
judgment of planned changes. This is what 500 educators had in their minds during the period from July 28
to August 2, 2002, in the beautiful town of Foz do Iguagu in Parand, Brazil.

All educators recognize that societies throughout the world are becoming increasingly diverse and
complex. Citizens live in a technologically dominated society, where equity in social relationships, respect
for the environment and sustainable development are yet to be achieved throughout the world. Science and
technology education, therefore, have very significant roles to play in the socio-economic development of
communities in a global environment. V

In addition, we were planning a symposium while the Organization for Economic Cooperation and
Development (OECD) was performing a horizontal assessment in 33 countries of the world (PISA 2000). It
is acknowledged that assessmént-plays a key role in designing and monitoring changes in education.
However, many people believe that it is time to re-appraise the role of assessment in a variety of
educational situations, and this issue had to be addressed in the conference. We have noted that several
papers deal with this subject, and that a morning session was entirely devoted to the theme.

Education in science and technology is an essential process, which must take the diversity in
societies into consideration and relate this diversity to sustainable development. Students need to be able
to evaluate evidence and draw conclusions-from a scientific point of view. They must be able to critically
grasp the extent to which scientific uncertainty allows predictions. As citizens, they should be able to
evaluate possible technological solutions, based on their knowledge of the natural world and its complexity;

~ Many papers are devoted to this theme, and two morning sessions were devoted entirely to the theme. In
one of them, science teachers preparation was addressed, and in another, we planned to debate the tense

relationship between academic and vocational perspectives in science education.

We believe that the two volumes which you have in your hands, and which represent the _
proceedings of IOSTE X Symposium, bring relevant contributions to the role of science and technology
education, at a time in which much attention has been placed on “Education-for All’. We wanted to go
further and offer a relevant contribution for those who are looking for a deeper understanding of the-
possible roles played by science and technology education in providing a relevant education for all citizens.
There has been a strong history of rewarding academic excellence in science education, even at the
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expense of relevance for all. However, for the new century we believe there is a need to find ways to

. combine both. If educators are not able to do so, the so called “post modern perspectives” can seduce

, rﬁany people, creating an apparently equally legitimate alternative, driving out of the scientific field many
who could possibly understand the real contribution science and technélogy can bring to populations in a
proper way.

How is it possible to provide a strong science and technology background for those students
wishing to pursue these subjects at a higher level, while at the same time provide an appropriate and
rewarding science and technology experience for all students? In other words, how can we increase public
awareness of science, and encourage problefn-solving and decision-making activities in students rather
than to portray science and technology as knowledge subjects where success is largely measured by
memorizing facts? '

We believe that many clues to these questions can be found in these proceedings, which include
papers in five core-areas:

1-Science, Technology and Society: how can we educate citizens to live in a sustainable environrhent,
providing basic needs for all, with a deep ethical concern. '

2-Content Areas: science and technology education have connections to traditional content areas (e.g.
Biology, Chemistry, Physics, and Geology), and may bring a number of different areas together. Many
articles deal with contents, either taken as subjects or skills or competencies, aimed at improving pupils
skiIIs..and knowledge, including many examples from science textbooks used worldwide.

3-Teaching Practice: Different teaching methods have shown a variety of usefulness in formal and non-
formal education. Eliciting students’ ideas and designing learning environments have been part of the
strategies aimed at improving students’ capacities to evaluate evidence, to distinguish theories from
observations and to assess the level of certainty that can be ascribed to 'scientific’ claims. Those interested
in these subjects will find very interesting articles in these proceedings.

4-Assessment: re-appraising the role of assessment in a demanding and changing world is essential. There
are papers in the proceedings which describe the problems which are encountered when standardized
assessment procedures are applied in different sociocultural settings.

5-History and Philosophy of Science: several papers show how history and philosophy of science can play
important roles in understanding students’ ideas. History and philosophy of science can be used'in a series
of contexts when designing activities aimed at improving pupils’ skills and knowledge.

Last, but not least, a great effort has been made to follow the format that IOSTE proceedings
traditionally have had, but we have tried to improve on this format by adding indices of authors and of _
keywords. The result is, we believe, an outstanding group of articles, which bring together in almost 1000
pages the state-of-art in science and technology education in many countries.

Nelio Bizzo
Clarice S. Kawasaki
Laércio Fenjaciolli

Vivian L. Rosa
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LIBERAL EDUCATION, INFORMATION ASSESSMENT AND
ARGUMENTATION IN SCIENCE - LIA

Andreas Quale', Anders Isnes, Terje Kristensen, Ketil Mathiassen
University of Oslo, Norway

Abstract

We report on the ongoing project LIA, addressing the training of science teachers at the universities of Oslo and
Bergen, in Norway. The project is centred on the notion of a liberal science education. Specifically, we
investigate the connection between the ability of science teachers and pupils to assess information with a
scientific content, as e.g. disseminated by the media, and their understanding of the role of argumentation in
justifying scientific claims. Several groups of science teacher trainees are interviewed, to get a general overview
of their interpretation and comprehension of these issues. After this, they perform various open experiments,
where both the target (what one is looking for) and the method (how to find it) are ill defined at the outset and
need to be clarified through discussion first. And, finally, they are interviewed again, to see whether and how
their interpretation and comprehension of the issues have changed. The data are being collected and analysed,
and some preliminary results will be reported here.

Project rationale

Itis generally accepted that the ability to assess scientifically based information and claims, in a critical and
constructive manner, is a crucial one to promote in science education. However, it is perhaps not so widely
recognised that this ability also forms an important part of a general education: Every citizen, whether
professionally trained in a science or not, will aimost daily come into contact with contentious societal issues that
have a strong scientific component: genetic engineering, chemical pollution, benefits and risks of nuclear power,
exploitation of (renewable or non-renewable) natural resources, etc. etc.

As is well known, these are often difficult questions to resolve, with no clear-cut and universally accepted
answers, even among science professionals. Nevertheless, members of the general public are regularly invited
to form their own opinion on issues of this kind: to participate in the common societal discourse in the media, to
vote for some particular political group or course of action, etc. So, how can they do this: make informed
decisions in a meaningful (for them) and responsible way?

The answer is that they must be exposed to such issues, in their school education. The ability to assess
information, especially scientiﬂcall¥ based propositions, in a critical and constructive manner is an important part
of the notion of a liberal education®, and this is in fact an explicit learning goal of the Norwegian National
Curriculum;

Education entails training in thinking — in making conjectures, examining them conceptually,
drawing inferences, and reaching verdicts by reasoning, observation and experiment. Its
counterpart is practice in expressing oneself concisely — in argument, disputation and
demonstration. (Norwegian National Curriculum 1994, p.13)

The scientific way of thinking and working is based on argumentation and assessment of information — a
resource that seems to be under-exploited in the teaching of science in our schools. This is the background for
our project: Liberal education, Information assessment and Argumentation in science — LIA. (In Norwegian:
Danning, Informasjonsvurdering og Argumentering i naturvitenskap, with acronym DIA.) The project is directed

! andreas.quale@ils.uio.no

2 By aliberal education we mean: a broad and general education, enabling one to cope with a variety of societal
issues without necessarily possessing expert knowledge or training.

ERIC
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toward pre-service teacher education, working with students (trainees) who have completed at least a bachelor
degree in one or more of the school sciences (physics, chemistry, biology). It is funded by the Norwegian
Ministry of Education, and the participating researchers are:

University of Bergen

University of Oslo

Stein Dankert Kolsta®
Marit Ulvik

Erik Arnesen

Anne Sissel

Andreas Quale
Anders Isnes
Terje Kristensen
Ketil Mathiassen

Tonningldar Mestad

The principal aim of LIA is to investigate a possible connection between learning goals traditionally associated
with argumentation in science and the desired competency in assessment of scientific information. Briefly:
argumentation must be based on knowledge about scientific research as a process driving the frontier of
science, and it may be argued (see e.g. Kolstg, 1998) that such knowledge is relevant for analysis and
assessment of many controversial scientific issues that are presented in the media (including the internet). More
specifically, a competency in assessment and decision-making with respect to issues of current societal interest
requires some knowledge of various types of scientific propositions — i.e. knowledge of the crucial role played by
argumentation and discourse in scientific work. Hence it is pedagogically desirable to explore the association
between argumentation in science and assessment of scientific information, as this project aims to do.

The Norwegian National Curriculum also emphasizes (1994, p.14) the development of a critical sense of
judgement in the assessment of information:

Critical judgement is required in all areas of life...A sense of discernment is developed by testing
expression and performance against specific standards...appraising the quality of a piece of work
requires the professional insight gained from repeated experience.

However, neither in the curriculum plans nor in the textbooks is it made clear how these laudable goals are to be
realised in practice. In LIA we let the teacher trainees work on practical applications involving assessment of
scientific propositions, to (hopefully) enhance their understanding of such assessment, and thus prime them for
passing on this understanding to the pupils, in their future professional life as science teachers.

To this end, it is necessary that the trainees have a conscious idea of the notion of a liberal education (see
footnote 2), and that they develop a positive view of the value of having such an education. A clarification of
terms is in order here:

In the English language the word ‘educated’ has two meanings: having a broad general knowledge of many
subjects, asin “...he is an educated person”, and having received a more specialized formal training in a
particular subject, as in “...he was educated in math and physics”. (In the following: for “he”, “him”, etc., please
read “he or she”, “him or her” etc.) In the German language we would distinguish between the two by using the
terms Bildung and Ausbildung, respectively. It is the first meaning of Bildung that is denoted here as liberal
education. Moreover, a person possessing this kind of education will be referred to as cultured, instead of the
more cumbersome “liberally educated”; the further significance of this term is discussed below.

Theoretical framework .
The LIA project is based on a constructivist approach to learning: The individual learner does not meet the world
unconditionally, but constructs knowledge in an active process of interaction between his preconceptions and the

® National Coordinator of LIA
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environment (Glasersfeld, 1995). At the same time, learning is a social process, where learners construct their -
own mental representations of reality through dialogue (Solomon, 1987) and action (Vygotsky, 1978): itis in
interaction with others that we experience the function and value of knowledge, and receive corrections to our
own understanding. We try to capture the essence of this interplay (between individual and social dimensions)
by letting the teacher trainees solve individual assignments, whereupon their solutions are challenged by the
whole group. And, following Solomon (1987), we argue that new concepts must be introduced in such a way that
they become meaningful to the learner, otherwise they will not be adopted and internalised by him.

~ Summing up: Knowledge gives us a set of cultural tools, developed through the interplay of individual

* construction and social interaction. Through the activities embodied in the LIA project, the teacher trainees will
acquire their own experiences and construct their learning from those. For a successful learning process it is
essential that the learners “own” the knowledge gained, in the sense of having internalised the motivation for
learning this knowledge. Here, an essential motivation of the trainees will be that whatever they experience in
the project activity must have transfer value to their future work as science teachers in school.

A liberal teacher education — the notion of culturedness

One aim of LIA is to contribute to a liberal education of teachers — one that provides them with a platform for
action. Hellesnes (1992) discusses the notion of education, as an aspect of individual development and
adjustment to a cultural environment, and proposes the following two outcomes: (i) the adapted person, who
accepts external constraints without question and settles well into a world defined and organised by others; and
(i) the cultured person, who can think critically and ask fundamental questions about the world, trusting in his
own rationality. In this scenario, then, the goal of a liberal education is to produce such cultured persons.

The dichotomy of adaptation and culturedness will be central to the LIA project. We see the purpose of teacher
education as, not only accommodating the teacher trainees to the school system, but also enabling them to react
critically to the school environment, and to develop and (if necessary) change it. A teacher should encourage
critical thinking in the learners, for which reason it is necessary that he himself have this ability: to stimulate the
development of the learners toward culturedness, he must himself be able to develop and change. An adapted
person will have difficulties in considering alternatives — he will “... see reality as static” (Freire, 1978). A good
society is dependent on people who can assess what is going on, and who do not fall easy prey to indoctrination.
Hence a liberal education, in Hellesnes' sense, is a prerequisite for democracy. It encourages an understanding
of reality as a process, not a result; we can influence the world, not just be governed by it.

Bakhtin (1981) distinguishes between the acts of persuading and convincing: the first has to do with rhetoric and
manipulation, the second with conveying to the listener insight and understanding. He claims (and we agree) that
it is the teacher’s responsibility to give the learners a voice in the learning process: learning is inherently dialogic,
and meaning is created through dialogue and interplay. This has not been a prominent part of traditional school
education, which has seen its task more as passing on the established truths of society to the next generation.
Within this paradigm a teacher-learner dialogue may easily become illusory: the learner learns to answer what
he expects the teacher wants to hear..!

Argumentation in science

One crucial part of LIA has to do with the nature of science. We consider science to be not only a product, but
also a process; and the production of scientific knowledge then incorporates important social processes
pertaining to assessment and validation of propositions through critical discussions (Ziman, 2000). Cole (1992)
and many others distinguish between core science, i.e. established scientific knowledge on which there is more
or less unanimous agreement in the scientific community, and frontier science, which is research-driven and
addresses issues where there is little or no consensus about hard conclusions.

In school, we are mainly exposed to core science, which carries a tacit message that scientific knowledge
delivers “true information” about nature. On the other hand, the science we most often meet in the media is
frontier science, as an ingredient of current controversial issues. In LIA we aim to mitigate this apparent
contradiction, by exposing the teacher trainees to a number of such issues, and discussing how to incorporate
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them into science teaching in such a way that the learners get a more realistic picture of science. Thus, learners
should learn not to interpret a disagreement among scientists as necessarily indicating either incompetence or
lack of disinterest. This has not been paid attention to in traditional science teaching:

Traditionally, science teaching has paid little attention to argument and controversy. This has
given the false impression of science as the unproblematic collection of facts about the world,
thereby rendering disputes between scientists, whether historical or contemporary, puzzling
events (Driver et al, p. 556)

With the cited authors, we maintain that argumentation should be given a more central role to play in the
teaching of science: it forms an important part of the scientific working method, and the ability to pose scientific
questions and answer them |s a necessary prerequisite for the learner to become confident and familiar with
science.

Project organization

The LIA project works with some sixty teacher trainees, around forty (divided into two groups) at the university of
Oslo and the rest at the university of Bergen. It has two main investigative modules:

1. Planning and performing of open experiments, with particular focus on the argumentation presented by the
' trainees, in support of their chosen strategies and conclusions.
2. A study of some controversial societal issues with a scientific component: which groups of people have
vested interests in these issues, what are their views, and how can we assess the scientific validity of the
information found? '

Module 1 is under way, and it is work on this module that will be reported here. Module 2 will be started in the
first part of 2002. The whole project is expected to be concluded by the end of 2003. The general organization of
LIA module 1 is as follows:

* The teacher trainees are first given a questionnaire, intended to provide an overview of some of their
preconceptions about the notion of culturedness and the role played by science in this connection. A selected
few of them are also interviewed, about the same topic.

« They are then asked to plan and perform an open experiment, where both the goal (what precisely is being

" sought) and the method (how to perform the experiment) are ill defined at the outset and need to be
determined through discussion first.

» Lab reports of the experiment will be discussed among the trainees, concerning the trustworthiness of their
own results, and of scientific knowledge more generally. These discussions will provide data for further
analysis, addressing the main goal of LIA (in this module): to explore the understanding of science teacher
trainees concerning the role of argumentation in justifying scientific claims.

The analysis of LIA is primarily based on three sets of data:

1. The questionnaires and interviews given to the trainees before the open experiment

2. The reports of the experiment

3. The discussions of the groups after the experiment, as documented by written summaries

These data will be processed in detail, both quantitatively and qualitatively. As a preliminary step, we have

looked at: (a) the trainees’ preconceptions about the notion of culturedness, and its relevance for science in

general and school science in particular, and (b) their ability to plan, perform and discuss strategies and results
~ of open-experiments.

We present here some preliminary data and results as obtained from the first Oslo group, comprising around 20
teacher trainees. The percentages reported are, of course, not claimed to have any statistical significance;
rather, they give a rough indication, to be followed up in subsequent investigations as the project continues.
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Further work will analyse data gathered from all the Oslo trainees, and correlate them with the corresponding
data gathered in Bergen. In particular, we will explore the possible impact of the open experiment (with
discussion both before and after actual implementation) on their attitudes concerning argumentation in science
and its importance for the assessment of scientific information.

Preconceptions of the trainees

Three types of questions are posed in the questionnaire:
1. about the notion of education, liberal and otherwise
2. about science as taught in school -

3. about the nature of science in general

Category 1: The notion of Education

What is a liberal education / a cultured person? Almost all (90 %) recognized a difference between the two notions -
of education: a liberal education as defined above, and a formal training in some particular field of expertise. Most
of them (75 %) identified a cultured person as one having-a broad knowledge of literature and the arts, and a grasp
of societal issues. Hardly any of them claimed that such a person must have studied at university or college level, -
“or that he must take an interest in political issues.

How would you describe an education that may rightfully be classed as ‘“liberal”? This topic is discussed
extensively in the Norwegian National Curriculum (1994) — which is required reading for teacher trainees at this
stage of their training. A majority (80 %) claimed that it must cover a wide variety of subjects, and about half
stated that it must provide knowledge of philosophy and the arts, and promote qualities such as tolerance and
democratic leanings. About 40 % maintained that such an education should be achievable for everybody,
irrespective of intellectual abilities or preferences.

Category 2: School science :

Is the notion of a liberal education relevant for school science? When asked to name, “from the top of their
mind”, three scientific topics that they felt to be important for a liberal education, most of the trainees declined to
answer. One may surmise that at least one reason for this reticence is that they had not previously reflécted in
any depth on the status of their own particular school science subject in the perspective of a liberal education.
This conjecture is supported by the results emerging from the question: What should be emphasized in the
teaching of school science, to promote a liberal education?, where they were now asked to pick topics from a list
of given alternatives. About half of them chose the following three:

» the pupils should achieve an understanding of how the laws of nature function

» they should receive training in assessing information systematically

» they should become curious about natural phenomena

Very few chose:
» the pupils should learn to work independently
» they should become interested in societal issues

And only about 20 % chose:
+ the pupils ability to argue logically should be strengthened
+ they should learn about how science has developed up to its present stage

We note that these results appear not to be in complete accord with the trainees answers concerning the more
general issues raised in the category 1 questions.

One of the questions in this section was: What do you feel should be emphasized in the teaching of science, in a
liberal education perspective? (Mark three of the items listed below, in ranking order: 1 for the item you consider
most important, 2 for the second most important, etc. — or mark “Do not know” if you have no opinion.)

1. Understanding of how the laws of nature function

2. Proficiency in solving assigned problems
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3. Learning how science has developed from its beginning up to the present day
4. Proficiency in logical argumentation
5. Proficiency in systematic assessment of information
6. Some insight into the nature of science
7. Some insight into connections between science, industry and society
8. Learning to work independently ' :

9. Acquiring an interest in societal issues

10. Acquiring an interest in science

11. Becoming more curious about phenomena of natural science

12. Do not know

After the questionnaire was turned in, we let the trainees discuss this question in groups, asking each group to
achieve consensus about an agreed ranking list of items. The following four were then the most frequently
chosen: Nos. 1, 5 and 11 (i.e. the same that were most often marked in the individual questionnaire), and No. 7.
Many stated that they had changed the positions that they had initially held on these issues, as a result of the
discussions. '

Category 3: Science in general

Most of the trainees associated science with experimental work (80 %), and regarded it as giving a theoretical
description of nature (70 %). Few (15 %) considered science to be more objective than other fields of
knowledge, and none claimed that it is politically neutral. More than half stated that science is part of our cultural
heritage — a stance that is strongly promoted by the National Curriculum. Later, when more data have been
gathered, a more detailed analysis will be carried out, exploring possible connections between the trainees’
views on this issue (the nature of science) and their views on the topic of culturedness and a liberal education (in
particular, the importance of argumentation in the assessment of information with a scientific component)

Next, the trainees were asked to judge, for each of a given list of current contentious propositions, to what extent
it represents reliable scientific knowledge. The majority then maintained that the following do not represent
reliable knowledge: '

» Irradiation of food products can harm the consumer

Nuclear energy causes less environmental problems than fossil energy sources

Biodynamically cultivated vegetables are more nutritious than traditionally cultivated ones

One glass of red wine per day is good for your health

Gene technology will give us more healthy domestic animals

A large majority (> 90 %) regarded as reliable knowledge the proposition that a reduction of the ozone layer
leads to an increased risk of skin cancer. But they were fairly evenly divided on these two propositions:

» the cause of climate problems is the increasing release of greenhouse gases

» radiation from high-voltage power lines constitutes a health hazard

In the continuation of LIA we will make a more detailed assessment of the information that is found in the media
on some of these topics. '

What is the difference, in your opinion, between the science that is published in journals where researchers
describe their findings and the science that is found in school and university textbooks? Here around one third of
the trainees answered that the first is always more complex and uncertain than the second. Very few claimed
that journal science is more correct than textbook science.

The open experiment

An open experiment is one where the performers have to design a strategy for investigating a problem
experimentally, and then plan and perform the experiment this strategy. The problem may be given, or identified
by the performers, but the crucial point is that there is no “known correct answer”. Here, the problem is gives as
a practical task, which they then have to analyse: specify what is sought, decide what to measure, formulate
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hypotheses about relevant variables, choose experimental set-up and make observations. And then they must
use the observed data to test their hypotheses, formulate conclusions and argue the validity of their results.

It should be noted that open experiments are not often given as pupil assignments in our school science

education. It is more common to let the pupils perform closed experiments, where both the method of

implementation (what precisely is to be done at each step), and the expected result (the correct answer) are

fairly well defined, and dictated by the teacher or textbook. Thus, our goals for the open experiment were that the

trainees should: '

» acquire experience with the planning and implementation of open experiments in general

» develop an awareness of the interplay between observational data and argumentation, as essential
components in the production of scientific knowledge

The trainees were organized in groups, to perform the experiment. Their subject backgrounds were various:
more had studied biology than physics; and some had studied several school science subjects, and completed a
master degree in one of them, while others had only one, and no more than a bachelor degree in it.

The experiment addresses the following practical situation: At a party there will be served hot and cold drinks.
The question to be resolved is: what kind of drinking cup is best suited, for keeping the content beverage at a
desirable temperature? The cups provided for consideration are made of cardboard, plastic or polystyrene, and
they come both with and without a lid.

Each group had to plan and then perform the experiment. Planning was done according to a scheme given to
the groups at the beginning:

The problem
Identifying what is to be done:
We will try to find out ...

Hypotheses
To be formulated and argued by the group:
We think ... may happen (will be observed), because...

Procedure .
Identifying relevant variables, such as: presence/absence of a lid, material of the cup, volume of content, etc.
Which variables should be kept constant? Which are most influential in determining the observed result?

We expect ... fo have a large influence, because...

The influence of ... will probably be negligible, because...

The group plans the experiment: how and what they will observe. The plan should be argued, with emphasis on
control of variables and concrete implementation:

Our plan is a good one, because...
Our resuilts will be valid, because...

Performance

Data logging equipment were used to monitor temperatures in the beverages. Some groups compared
cardboard cups with and without a lid; others compared different materials (cardboard vs. plastic). For ‘warm
beverage’ they used heated water, as ‘cold beverage’ water with ice was used. Starting temperatures/ranges
were decided on by the group. Each group wrote a report documenting their experimental set-up, observed data,
arguments and conclusions.

Some observations, regarding the actual performance of the open experiment:
* None tried to ascertain what the usual serving temperature for coffee/tea is, and how this temperature varies
while it is being consumed. Thus the choices of starting temperature and range were somewhat arbitrary.

001/7
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» Very few used technical terms from physics in communicating with the other group members. Concepts such
as heat loss, energy transfer, etc. did not seem to form a natural part of their vocabulary, when discussing the
observations.

» The practical implementations were various: some groups were very creative in their choice of materials and
strategies; others just chose the simplest solution.

Discussion of experiment and further analysis of report data

Based on the different hypotheses and implementation strategies chosen by the groups, we devised a strategy

for initiating group discussions after the experiment was concluded. Briefly, discussions were conducted on two

levels:

* A primary discussion, addressing the evaluation of the results found — which of them were the most reliable,
and why? :

* A meta-discussion, aiming to develop the students’ reflection concerning the role played by argumentation in
the production of scientific knowledge.

Analysis of Report Data

Our analysis of report data is primarily based on:

1. The reports of the experiment

2. The discussions of the groups, as documented by written summaries

This has led us to propose the following specific categories of analysis.

We want to explore the ability of the trainees to:
1. formulate problem descriptions and hypotheses, whether experience-driven (based on own observations) or
theory-driven (based on relevant materiel from established scientific knowledge)
2. plan an open experiment — to what extent they are able to:
* identify relevant variables, and assess their influence on observed values
* vary one variable at a time, observing the effect of this
* identify variables unlikely to influence results
* identify variables that cannot be held constant
* reflect on methodical problems and uncertainties in measurements
describe observations, and distinguish between observation and theory
.use scientific knowledge to interpret observations, and distinguish interpretation from observation
use scientific terms such as heat, heat capacity, temperature etc. in the planning of the experiment, and in
the discussion of results (argumentation, assessment of validity, etc.)
6. present the report in a clear and convincing way.

ok w

Some observations
We have made a preliminary analysis of the reports and discussions, relative to the categories listed above:

Hypotheses and problem description

These are essentially characterized by formulations originating in “everyday life”, and rarely based on scientific
theory and concepts. Here are phrases such as: keeping the warmth (or cold), conserving the temperature. They
frequently confuse the concepts of temperature and heat — we often see imprecise use of terminology, such as:
exchange of temperature, spreading cold.

Identifying and assessing variables, choice of procedure

They can identify the most important variables, but mostly without giving any scientific grounds for their choice.
None reflect over why the temperature changes “in the opposite direction” when the observations start (the
sensors are then at a higher/lower temperature than the liquid beverage), but just note this as “peculiar’. Some
reflect on the placement of sensors, and on stirring the liquid, but without any scientific argumentation: thus the
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effect of stirring on heat loss is not considered. Many discuss the shape and material of the cup, but make no
mention of relevant concepts such as heat capacity, evaporation heat, and heat loss through conduction or
convection. '

Observations, interpretations and comments

Measured values are given as temperature differences (not as changes of temperature with time), and
sometimes even as percentage change of temperature. The crossing of two temperature graphs (temperature
variations in two different cups) is not commented on; instead we see imprecise statements such as temperature
exchanges are faster when temperature differences are larger.

Comments/criticisms are often vague and inexact. Very few address imprecise use of concepts and
argumentation in support of hypotheses. Even blatantly incorrect statements, e.g. confusing heat and
temperature, are not commented on.

Conclusion
Science teachers who wish to use open experiments need to pay attention to their own language precision and
correct use of scientific terminology. The simple experiment reported here provides ample opportunity to address
important aspects of hypothesizing and argumentation in science. Our analyses will be discussed with the
trainees, to (hopefully) help them develop a more conscious attitude toward the use of open experiments in their
future teaching.
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Abstract

Recent research indicates that teachers conceive and orient histher teaching depending (among others things)
on his/her conceptions about both the nature of science and the construction of the scientific knowledge. This is
an important educational issue because the image of science that is generally held by students consider science
simply as a rhetoric of conclusions. Science teaching strategies designed in line with the principles of the “new
philosophy of science”, e.g. emphasising the context of discovery of scientific ideas (and not simply the context
of justification of those ideas), methodological pluralism and the human and social side of science (STS
relationships), are usually ignored. Part of the problem lies in inadequated teacher education strategies. Thus
the aim of this study was to design, to develop and to evaluate an innovative teacher education program
exploring the History and the Philosophy of Science (HPS) in order to improve the teaching and learning of mass
conservation in chemical reactions, a key curricular theme in Portuguese secondary teaching and also a relevant
historical and cultural topic of study. The main hypothesis was that it is possible to develop in —service teacher
education strategies based on the HPS to promote adequated epistemological perspectives of science teachers.

The research design followed was organised in three interrelated steps: a naturalistic phase (over 40 hours of
teaching of two secondary teachers were videorecorded and analysed); a second phase concerning the teacher
education program itself exploring action-research strategies and involving the design of new teaching plans and
the construction of new didactic materials.; the third phase in which the new teaching strategies were then
implemented by the two teachers.

Evidences of the evolution of the epistemological perspectives underlying teachers’ practices from the first to the
third phase are presented together with examples of the use of the HPS in the three methodological categories
of analysis: scientific methodology, dynamics of the construction of scientific knowledge and the human and
social face of science. The results of a triangular evaluation of the program (external observer, students and
teachers self-evaluation) is also presented. We can conclude that the teacher education program developed
exploring HPS was able to improve the teaching of the chosen topic, in particular making the students more
aware of images of science congruent with the principles of the “new philosophy of science”.

Introduction

Educational innovation can only really succeed if it also involves professional development and teacher
empowerment. This implies a new way to look at teacher education. We now have some new general
orientations to guide teacher education (Schon 1987; Zeichner 1993).What is still missing are systemic research
approaches to teacher education in order to improve teachers’ personal and professional growth. Teachers need
to reflect more and better on their own practices and this (hopefully) will have a positive influence on their
classroom strategies. It means that we need educational research strategies that will help classroom teachers to
promote effective and conscious changes in their teaching.

The more consensual position indicates that each teacher conceives and orients his/her teaching depending on
his/her conceptions of the nature of science and scientific knowledge, his/her professional experience, on his/her
interpretation of curriculum, on the way he/she conceives education in particular the more general goals of
science education.
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As Gallagher (1991) said, “secondary teachers’ knowledge about the nature of science is important because
they play a key role in forming the image of science that is held by the general public’, and he asks “what do
teachers understand about the nature of science, and how does this knowledge influence their teaching?”

Many research studies point to a strong link between teachers’ conceptions and their practices (Pomeroy 1993;
Lederman 1986), others consider some influences and a selected collection of situational variables (Brichouse &
Bodner 1992; Lederman 1992).

Among teachers’ images of science, some prevail over others, namely positivists’, empiricists’ and inductivists’
perspectives (Aguirre 1990; Hodson 1985, 1993; Praia & Cachapuz 1994, 1998) and science is viewed
exclusively as a definitive well-established body of knowledge. The understanding of scientific principles and
relationships received far less attention than terminology; teachers devoted no time to the discussion of matters
related to the nature of science, such as how the knowledge included in the curriculum was formulated or the
process by which scientists validate knowledge, teachers emphasised the objectivity of scientific knowledge and
they based the objective aspect on scientists’ use of the scientific method; teachers frequently fail to point out
obvious connections between classwork and the world outside the school (Gallagher 1991).

Gallagher (1991) and Matthews (1990) attribute responsibility for this to the fact that teachers have had no
formal education in the history, philosophy and sociology of science.

Despite some well known dissimilarities between contemporary epistemologies about scientific construction and
its structure, scientific philosophers, particularly Khun, Lakatos, Toulmin ...converge on a coherent image of
science with important implications for science education (Cleminson 1990, Duschl! & Guitomer 1991, Hodson
1985, 1996, Gil-Pérez 1996, Duschl 1995...). These arguments known as New Philosophy of Science (NPS)
may be summed up in the following way: 1- Scientific knowledge cannot suggest an absolute truth, it has
temporary status and errors must be an object of reflection; 2- Scientific discoveries have context and structure
and the history of science helps us to understand those aspects; 3- Scientists are part of the very world they
investigate and they must constantly submit their results to the certification of a scientific community; 4- There is
no unique and singular method of producing scientific knowledge but a context-dependent methodological
pluralism; 5- Observation does not exist apart from a theory that orientates and gives meaning to it. Scientific
theories interpret and explain the world tentatively; and 6- Science is not objective (in the positivist sense),
impersonal and problem-free, but it is closely related to society and technology.

We know that the history and philosophy of science has for many years been absent both from science curricula
and, in particular, from science teacher education (Matthews 1990, Acevedo Diaz 1996, Pomeroy 1993...).
During the 80's and early 90’s the consideration of the inclusion of philosophical aspects in science teaching
education began to increase and relate the philosophy of science to science teaching and learning.

From another point of view, as we mentioned earlier, educational research has not achieved relevant changes in
classroom practices. Teaching practice is mainly guided by pedagogical preoccupations and the images of
science and scientific knowledge in the classroom do not match with the NPS principles. These ideas led us to
the problem of what kind of innovative strategies of teacher education should be considered in order to promote
effective changes in teachers’ usual classroom practices. Thus a major challenge for us is how to design and to
develop effective science teacher education so that teachers may understand the importance of the inclusion of
the philosophy of science in their science teaching.

There are two main aspects related to the NPS worth of attention. They are the consideration of the social
construction of science and scientific knowledge and the associated technological development (STS
perspectives (Matthews 1994)) and the importance of the inclusion of the history of science in science teaching.
In practical terms we need to improve conditions which will enable teachers to analyse their teaching after a
guided reflection on a previously selected theme of the curriculum. A possible strategy is to involve teachers in
cooperative action research studies designed in order to conceive and explore concrete curricular strategies
based on the history and philosophy of science (Monk & Osborne 1997) and also to analyse and discuss the
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way they may implement them in the classroom.

Mass conservation in chemical reactions: an epistemologically relevant theme

As referred to by Paixao (1999) “mass conservation in chemical reactions” was selected as a relevant theme
because it has usually been viewed from a poor perspective and because of this, it has been a point of
crystallisation of an exclusivist form of academic knowledge; students only resolve “exercises” (non problematic
questions) of equation balancing and stoichiometric aspects, and even when they do them, it does not follow that
they understand what they have done.

Classroom practices and textbooks have a particular incidence of an empiricist point of view (as far as this
theme is concerned) which implies the absence of current perspectives on the contemporary principles of the
New Philosophy of Science. For example, Experimental Work (EW) developed in classrooms (practical work) is
very far from those principles. Most of the time the practical work proposed on the theme of mass conservation
follow a confirmatory epistemological perspective involving the ‘classical’ chemical reaction of precipitation of the
lead iodide by reaction between potassium iodide and lead nitrate. On the other hand, we must consider the
academic interest of the theme: it is the pre-requisite for all and subsequent understanding of chemistry and it
has a central position in the curriculum of basic studies. In fact, the understanding of the mass conservation
principle, and also the understanding and knowledge of the general theory of chemical reactions, is
indispensable for the understanding of the properties and the transformation of substances. There are many
research studies that point out the existence of students alternative conceptions about this theme (Hesse &
Anderson 1992, Yarroch 1985, Ben-Zvi et al. 1987...)

From the epistemological point of view, the study of the controversies that followed the interpretation of one of
the most common chemical reactions, i.e. combustion, and the establishment of the general theory of chemical
reactions, the mass conservation principle (later an empirical law), which guided Lavoisier in the establishment
of his theory, cannot be underestimated. It is also a historically and culturally strong theme due to the
correspondence of a period in the history of mankind and in the history of science with many special important
social, economical, political and scientific implications. After the commemoration of the 200 years since
Lavoisier's death, the available literature about that period of chemical history increases quantitatively and
qualitatively (Bensaude Vincent & Stengers 1996). The theme is also important in a social and technologically
up-to-date and foreseen future context — thermal power stations; incineration; recycling...

Teachers cannot ignore all those questions about the way scientific knowledge grows, and they must give
students an image of that difficult and contextualized construction.

There are, in fact, many epistemological elements that contribute to a more consistent image of science, like
scientific controversy, scientific community and societies, technologies associated with science, publications,
communications and scientific correspondence... acceptance or non acceptance of a new theory... social,
economical and political implications which, as was the case in a period such as the French Revolution,
influenced the status of chemistry as a modern science. That is a cultural view of science very different from the
instrumental image transmitted by teachers in science classrooms.

Hypothesis and aims

The main hypothesis that guided the study was that it is possible to develop in-service teacher education
strategies in order to promote teachers’ professional and personal growth, using the History and Philosophy of
Science (HPS) framework in the teaching of science curriculum themes. This, in turn, results in a substantial
empowerment in professional fulfilment and in the suitable images of science transmitted to the students. The
assumption is that students’ learning increases in the same desirable direction.

The aim of the study was to develop a Teacher Education Program (TEP) in order to improve both the
epistemological perspectives of teachers and their teaching strategies of the theme “mass conservation in
chemical reactions” (low secondary school) using the HPS framework.
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Methodology and procedures _

This research is included in a case study methodology in the perspective indicated by Yin (1987, 14): “The case
study allows an investigation to retain the holistic and meaningful characteristics of real-life events” and “are the
preferred strategy when "how" and “why" questions are being posed”. The results from the research are concrete
aspects related to each presented case and they can be used to confront them with others in similar contexts
and to stimulate continuing research in the same direction. This is more a question of transferability than a
guestion of generalisation.

The study was developed in three main related phases.

The general purpose of the first phase of the research was to elucidate the teachers’epistemological
perspectives as revealed by their practices. The question that guided the 1st phase was to investigate the
congruence (if any) between the theoretical framework and the nature of classroom practices of teachers.
Beyond this general purpose, the effective value of that first phase in the whole study, was to elucidate the main
difficulties which teachers faced in their practices, to give us some orientations for the elaboration of alternative
teaching strategies and to obtain videorecorded materials to be explored in the individual teacher education
phase (2 th phase). These videorecorded materials gave the opportunity for participant teachers to become
aware of the need to develop the epistemological dimension of the understanding of science teaching and
learning and to allow them to assess the evolution of their practice. Thus an awareness of the progress made
concerning the images of science and scientific knowledge held before and after the participation in subsequent
phases of the study. With these objectives in mind the study was conducted according to a naturalistic approach.
Four in-service Physics and Chemistry teachers, all of whom were female, participated in the study during the
first phase. The participants were permanent members of the staff of four different Portuguese (low) secondary
schools. The academic background and the professional experience of the participants were diversified. We
videorecorded over 40 hours of actual teaching, on the selected theme. The written protocols were then
analysed to identify teacher’s epistemological conceptions (oral discourse and teaching activities implemented).
It was simultaneously a descriptive and a critical interpretative process of data analysis, guided by a theoretical
framework instrument (Figure 1). This was the instrument of analysis of classroom practices.

Epistemological Categories Analysis Dimensions Teaching Practice Indicators{examples)

Explicit references to some episodes of the HS
and/or current aspects of scientific investigation
with relevance to different scientists’ working
methods.

Discussion of students’' ways of working with
clarification of the means of selecting experimental

procedures and their adequacy and/or limitation
| - Scientific Methodology (not recipes).

A - Methodological pluralism

Theoretical considerations before observation and
experiments.

B - Theory / Observation / Initial problematic questions and predictions.
Experiment relations Critical report of the experimental work guided by
problematic questions and including critical
assessment of the results

Activities exploring historical controversies in the
establishment of a given scientific theory (i.e. texts
and related questions)

C - Scientific discovery Context
and structure

Il - The dynamics of Scientific

- Intentional evaluation and exploration of students'
knowledge construction

errors.

D - Error /Truth Dynamics Identification of misconceptions.
Discussion of discrepant experimental work
results. .
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Explicit references to the human side of scientists.

E - Images of scientists and of Opportunities for the students to express their own
the scientific community ideas and confront them with their colleagues’
ideas and/or with the current scientific version.
Il - The human and social side ' To begin with.a social or a technological problem.
of science ' To promote debates about science related

questions, showing the relation between science
and technology, ethical or environmental
questions, with the opportunity for students to
express their own ideas.

F - STS interrelations

Figure1: Instrument of analysis of teaching practices

During the second phase the alternative planning began, guided by the following question: What kind of changes
in the teaching strategies are desirable and possible? We started the Teacher Education Program (TEP)
simultaneously with the preparation of new historical materials involving texts, related practical work sheets and
STS questions. The TEP began with the design of the teaching strategies and materials with the required
epistemological discussion. The third phase was the continuing development of the TEP that now includes the

. teaching of the proposed theme according to the new perspectives and finally the assessment by the
participants (teachers and students) involved in the program using half-structured interviews. Only two of the
initial four teachers involved wanted to participate in the 2 th and 3rd phases. The analysis of the teaching
practices during the third phase was parallel to the process done in the first phase, using the analysis instrument
(Fig.1). After this analysis the researchers conducted the interview step involving the critical confrontation of
each teacher with selected episodes of their teaching (as revealed by videorecorded materials).

The Teacher Education Program
Given the nature of the study (collaborative action research (Elliot 1994)) the design and the implementation of
the Teacher Education Program (TEP) were closely articulated.

The Teacher Education Programme (Figure 2) involved seminars, discussions and critical reflections with the
collaborative organisation of the teaching strategies and the preparation of the new materials.

Meeting Date Place Time Aims and activities

To present and discuss the interest of SH and EW
as relevant dimensions to innovative science
teaching strategies (Prof. J. Praia - University of
Oporto)

To critically explore a teaching proposal using the
theme: "mass conservation in chemical reactions”
8 at low secondary school levels (M.F. Paix&o)
hours | To select participants for the subsequent phases
of the study (criteria: volunteers; interested in their
own education and enthusiasts; having the 8th
degree in 1997/98; and who allow the
videorecording of their classroom teaching).

An assessment of the seminar was made by the
participants (11 participants.)

23 April

Seminar 1997

University of Aveiro
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1st
Individual
meeting

Oct/Nov
1997

Secondary school of
each participant
teacher

3/4
hours

Science and Science Education as well as a

Formal contact with the head of the school

To inform about the specific aims of the program.
To make each one aware of the need to involve
teachers in their own education with the intention
of developing their own teaching practices and the
subsequent empowerment of students' images of
science(Action-research perspective).

To discuss the importance of epistemologically
based science teaching, in which the HS and EW
are fundamental elements.

To present the selected theme and its educational
interest as a whole.

To give out sume documents about Philosophy of

document organised by researchers concerning
the historical and scientific aspects of the selected
theme (homework).

2nd
individual
meeting

Nov 1997

Secondary school of
each participant
teacher /teacher
training college
C.Branco

3/4
hours

To critically analyse and discuss the documents
given out in the last meeting.

To discuss the general aspects of science
teaching planning.

To discuss the scientific concepts involved and
the students' common misconceptions.

To analyse the official curriculum.

To discuss the epistemological value of the
theme.

3rd
individual
meeting

Nov 1997

1

3/4
hours

To analyse and discuss the teaching carried out
during the 1st phase (videorecorded and analysed
by the researchers)

To begin the planning of teaching strategies

4th
Individual
meeting

Nov/Dec1
997

1l

3/4
hours

To prepare materials: to translate texts from the
original papers of Lavoisier; to prepare
experimental work sheets and STS related
questions.

To discuss the adequacy of some materials for
the development of the proposed strategies

To prevent some problematic aspects.

To certify that the teacher feels prepared to do the
teaching of the theme in the desirable perspective

5th
Individual
meeting

Dec/Jan
1997/8

/)

3/4
hours

During the teaching of the theme:

To analyse selected videorecorded classroom
episodes with the teacher.

To reflect on the basis of initial goals and
framework.

To make eventual adjustments in the initial
teaching planning and/or didactic materials

To prepare a questionnaire and a half structured
interview to give to the students at the end of the
teaching

i1.32
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After teaching the theme:
Feb/Marc An analysis and assessment of the course (half
1998 (at structured interviews with each teacher):
the end of The importance and interest of the TEP.
the An analysis of the teaching strategy developed
6th sequence | Secondary school of 3/4 The interest and/or difficulties in the strategy
individual and after | each participant hours implementation
meeting - the teacher To confront the teacher with students' answers to
analysis the questionnaire and interviews.
of the Global conclusion:
written To confront the teachers' analyses with the
protocols) researchers’ opinions and students’ opinions
(triangle effect)
TOTAL:7 April 97/ 32
meetings March 98 hours

Figure 2: Teacher Education Program (TEP)

This plan was developed during half an academic year, before the 3rd phase began. In the 3 rd phase, the
innovative phase, the specific aim was to reconstruct the teaching practices.

This phase was developed in a research perspective of collaborative action-research, with each participant
teachers and the researchers working together systematically, namely: videorecording of all the teaching
practices, with systematic feed-back on the evolution of the work, a scientific and epistemological preparation of
the theme, a collaborative structuring of laboratory materials, common decisions and finally an assessment of
the evolution of the program.

Results

The results are reported according to four separate aspects: The first aspect focuses on the epistemological
perspectives of the teachers in the first phase, the second concernes the teachers’ opinions about the TEP, the
third focuses on the new epistemological aspects of the teachers’ practices after and during the participation in
the TEP and the final aspect highlights the relation between teachers, researchers and students’ opinions.

During the first phase, the theme of mass conservation was teached basically following the same main lines by
all the (4) teachers, in geographically distant schools and with different academic backgrounds. They used the
same central experiment, the confrontation of mass before and after the reaction between lead nitrate and
potassium iodide, and after this they induced the mass conservation law. They used this problematic-free
chemical reaction between lead nitrate and potassium iodide, without reference to the existence of gaseous
substances and the mass conservation in those cases. There was no discussion of and no reference to
Lavoisier's time, life or work, no references to the scientific controversy that accompanied the establishment of
the theory of oxygen, no references to the political, social or technological context of the building of scientific
knowledge... No mention was made of particular scientific facts, terms or experiments... The image of science as
a neutral body of knowledge translating a naive image of realism was prevalent. Specific epistemological
aspects related to the theme were totally absent. In short, pedagogical and scientific concerns prevailed and an
instrumental view of science and of the construction of scientific konwledge was passed to the students.

However, the teaching practices developed by each of the two participant teachers during the 2th and the 3rd
phases reflected some suitable changes of epistemological relevance. In fact, more value was given to a more
rationalist image of the role of the experiment and also to the critical role of theory and its articulation with
observation. Prediction activities were introduced. Also the error was considered to play an important role in
students’learning. The HS conducted the strategy and the dependence on scientific knowledge of the whole
context and the related STS questions about the theme were highlighted. The naive realistic perspective about
the world gave place to a more critical perspective.
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The two teachers recognised the changes ocurred in their usual teaching of the topic. They were also aware of
the influence of the TEP in changing their science images and their understanding of the teaching and the value
of an adequate epistemological perspective of science teaching.

The teachers’ confrontation with their initial own teaching is a fundamental step in order to make them aware of
the kind of improvements needed. That implies an individual approach to the “intervention phase”.

The teachers’ opinions may be categorised in three main related aspects: the personal and professional
meaning of the involvement in the developed program; the thrust of the program in their classroom practices and
the analysis of their own classroom teaching as well as the access to the analysis made by the researchers.

As teacher A said: “/ really want to change... and... | will at least... change the... way... | teach this theme...”

“The documents were interesting, it was a very good proposal... but what | considered the best during the
training was effectively the dialogue between us... | felt the necessity to say and do more in the classroom...
students did ask those predicted questions... | could foresee those questions... and... it was interesting.”

Having access to the analysis made by researchers was considered a very important aspect: “You referred to
many aspects... | felt these things and... in a concrete way! So, I'm going... to make my teaching practice
different... based on the analysis made... I'm going... to improve, no doubt about it!”

Teacher B evaluated her participation in the TEP: “/t was very useful... all teachers should have access to some
videorecorded teaching practices and reflect on them... | think they should.” And about changing her
epistemological perspective “...the experimental method... We used to say that sequence of... of phases... and
now | have began to wonder also about this sequence, the meaning of what | used to say.”

The study was developed with the assumption that to improve teaching, based on an up-to-date epistemological
perspective, the students’ understanding about the scientific content and their images of science will increase in
the same direction as well as the interest and participation in the classroom activities. The students’ opinions
suggest two main concerns: their understanding of the curricular theme was good and the interest in the way it
was developed in the classroom was greatly appreciated. The first aspect was assessed by each teacher and
also in the final interviews conducted by researchers (two different questions related to mass conservation in
different situations, open and closed system). As one of teacher A’s students said: ‘It was a very different way of
learning... It was not just arnving in the classroom and simply to speak about the subject was”.... "it was not easy
for him to arrive at that theory”. Teacher B's students perceived the difficulty in changing a theory: “It was
difficult... and it took a long time for it to be accepted”. Concerning the interest of the theme and the way it was
done in the classroom this same student said: “We were interested in what was going on in the classroom...
some times this does not happen”. Another student added: “We also talked about these aspects outside the
school, during breaks or after the chemistry class and... in fact... we talked and... we discussed those problems”.

This arguments converge with that of the researchers, in a triangular form of internal assessment of the study,
towards the acknowledgement of the interest of this new approach to teach mass conservation.

Conclusions and educational implications for science teacher education

This approach represents a significant improvement of teacher education research because it involves
researchers and collaborative teachers with the same goals involved together with the central objective of
effectively changing science teaching practices. Significant efforts have been made to make participant teachers
aware of the effective significance of the consideration of the epistemological perspectives in teaching practices
with a view to developing students’ desired understanding of science and scientific knowledge (images of
science).

At present we can delineate a central framework for in-service teacher education: The history and philosophy of
science contribute in a sustainable way to teacher education. Effectively, when teachers are involved in an
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action-research program designed with reference to a suitable selected central theme of the curricular
programme their classroom practice improves in a desirable, epistemologically consistent way.

In practical terms, it is necessary to start with the selection of an interesting theme with epistemological
relevance and to prepare its teaching with interested and capable teachers. The comparison with more
traditional teaching (self-observation) reveals a good teacher education strategy which increases personal and
professional fulfilment. The approach outlined here may be developed in other epistemologically interesting
curricular areas.

There are some critical aspects, as pointed out earlier, related to difficulty in conducting these lengthy studies.
This is probably why the teachers’ adherence to these processes of education is still very weak.
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m CAN FEMINIST CRITIQUE OF SCIENCE AND SCIENCE EDUCATION BE
OF RELEVANCE FOR GENDER AND SCIENCE PROJECTS IN
DEVELOPING COUNTRIES?
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Representation of the world, like the world itself, is the work
 of men;they describe it from their point of view, which they
confuse with the absolute truth.

Simone De Beauvoir

Abstract

In most parts of the world boys outnumber the girls in science education. Both in the developed and in the
developing world girls tend to choose other subjects than science (especially physics) when given a choice. The
last 10 years developing and lending institutions have focused an increasing amount of money towards support
and lending to girls education. There seems to be a consensus among aid organisations and donors that
supporting development of science education for girls will increase and accelerate development. How science
education should be carried out in order to reach this end is seldom discussed by the donors and development
agencies. Science education in most developing countries is still very influenced by the former colonial power. It
is very theoretical and instrumental and of very little relevance to the pupils lives. Thus it can be questioned
whether this science education is suited to reach the aims of the donors and moneylenders supporting it.

Extensive theory building has been conducted concerning the effect of science education for girls in developing
countries. This paper question whether the feminist critique of science can be relevant to the discussion of how
science education should be carried out in order to be attractive to girls.

In this paper | present briefly how some donors and moneylenders in the west legitimise the support to gender
and education projects in developing countries through their policy documents. | present different types of
feminist critique of science as it has developed over the last 30 to 40 years. | then show the possible impact of
the different critique on science education for girls. On this basis | question whether any of this critique can be
relevant in terms of improving science education for girls in developing countries and meet the expectations of
the donors that is expressed in their policy documents.

Introduction

The last 10 years developing and lending institutions have focused an increasing amount of money towards
support and lending to girls education. The background for this support seems to be a consensus among aid
organisations and donors that supporting education for girls will promote a positive development for society as
well as for the families. Even though science education is seldom mentioned explicitly in the policy documents of
these organisations it is obvious that some of the gains they expect to achieve by this support have to be learned
in science class. Donors and development agencies, however, seldom discuss in detail educational issues such
as the content of the curriculum and pedagogical presentation needed to achieve these aims.

Science education in most post-colonial developing countries has proven to be theoretical and of very little
relevance to the pupils lives. Thus it can be questioned whether this theoretical science education is suitable to
equip the pupils with scientific knowledge that can be of use to promote development.

In academic journals and literature, a wide array of different forms of critique against science and technology has
emerged over the last decade, as well as about the role and form of education to promote development. The
critique of science stresses its cultural as well as its gender bias. The feminist critique of science criticise science
for being masculine and dominated by men and men’s needs. This masculinity is said to be reflected in science
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education and can thus be an explanation to the gender differences we se in science education.

- The background for this critique is the special status science has acquired as being able to conduct rational and
objective knowledge. The notion of science as rational and objective has to a great extent survived in spite of
being challenged by historians, philosophers, literary critics and feminists. .

The view of science as neutral and objective has to great extent been transmitted to education systems, and has
influenced how science has been and is taught in schools in many parts of the world. People working with
science in the educational sector often have limited knowledge of the critique of science and therefore take
science for granted. As scientific inquiry is seen as a neutral and unproblematic activity, and the science
curriculum is often simply a “shrinkage” of scientific knowledge. The role of the scientist in creation of scientific
knowledge is seldom questioned, and science appears in educational literature as neutral and unproblematic
facts and descriptions of the world. '

The notion of scientific knowledge as objective and decontextualised has also justified an uncritical export of
scientific curricula from the West, with only a limited degree of local adaptation, to colonised countries that lack
the same scientific traditions. Several critics of education and it's role in developing aid have claimed the export
of European education systems to developing countries are conscious policies put in place to keep people in
developing countries down. :

By exporting education systems, expertise, books etc the “aid * has been criticised for contributing to a continued
dependency on the West when it comes to education and intellectual development. Several academics have
shown that most Sub-Saharan African countries have their education policies determined by bilateral and
multilateral donors and moneylenders. From a democratic and critical perspective it seems hard to justify why
the donors should have such major influence on education in developing countries. | will however not address
these issues in this paper.

Why do developed countries support education for girls in developing countries?

In the following | will give a brief summary of how some organisations that support girls’ education in developing
countries legitimise this support through their policy documents. Working with this paper my focus has been to
look for policies dealing with girls and science education. As very few organisations have such explicit policies
the focus has somewhat been moved towards a general search for arguments stating the importance of
education for girls and trying to trace any possible implications for science education.

The World Bank is today the largest single source of external finance for education in developing countries
accounting for about a quarter of all external support (World Bank 1995). The World Bank supported its first
education project in 1963. In the mid 90’s it started focusing explicitly on education of girls. The argumentation
for giving priorities to girls’ education has ever since the World Bank started supporting education of girls been to
reduce poverty by lowering fertility rates, improving child health and raising women's income from the labour
marked. Education is seen as an investment in human capital that lifts individuals out of poverty by increasing
their returns to the labour marked (World Bank 1995). The World Bank’s chief economist, Lawrence Summers in
1993 argued for the support of education for girls in the following way:

An educated mother faces higher opportunity cost of time spent caring for the children. She has
greater value outside the house and thus has entirely different set of choices she would have
without education. She is married at later age and is better able to influence family decisions.
She has fewer healthier children and can insist on the development of all of them, ensuring her
daughters are given a fair chance. And the education of her daughters makes it much more likely
that the next generation of girls as well as boys, will be healthy and educated as well. The vicious
cycle is thus transformed in to a virtuous circle. (Quoted in Heward 1999).

The World Bank does not have any policies stating explicitly the importance of educating girls in science. One
would nevertheless expect these policies to have great implications for science education. Learning how to
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improve child health, use contraceptives right, keep healthy and reduce infant mortality rates should according to
these policies be expected to have a central part of science education.

UNESCO has, in contrast to the World Bank's focus on education for girls as a sound economic investment,
been committed to education as a human right hitherto denied to girls and women. In UNESCO'’s medium term
strategy for 2002 to 2007, promoting education as a fundamental right in accordance with the “Universal
Declaration of Human Rights” is “Strategic objective 1”.

Advancing the right to education as enshrined in the Universal Declaration of Human Rights is
central to UNESCO'’s mission. Free, compulsory and universal primary education for all is among
the most clearly defined of these rights; with governments have a duty and a.responsibility to
make a reality (UNESCO 2001, p 16). :

UNESCO is also, in contrast to the World Bank, explicit in their policies regarding science education as an
important tool for reaching their developmental goals. In 1996 UNESCO published the “World Science Report”
where one chapter was devoted to girls and science education. In connection to the World Conference on
Women in Beijing in 1995, UNESCO published a book called “The scientific education of girls. Education beyond
reproach?” presenting different sides to the importance of educating girls in science. Also in the organisation’s
newly published strategy document (UNESCO 2001) science education as a tool for achieving development is
highlighted. The need to strengthen international scientific and intellectual cooperation, the fight against the
spreading of HIV and AIDS and the need to bridge the digital divide between developing and developed
countries are goals legitimising the importance of educating girls in science (UNESCO 2001). But most important
in all the UNESCO policies seems to be the view of education as a human right and the fight towards equity.

The Norwegian Agency for Development Cooperation (NORAD) does not have any direct policies concerning
girls and science education (NORAD 1995). What they do have are policies concerning girls and the importance
of gender equity when it comes to education.

It is fair to say that there has been an emphasis on reaching women and girls as .a target group
through Norwegian bilateral assistance to the education sector (NORAD 1995).

The policy document further states that:

Assistance to promote the education of girls and women is a priority area for NORAD. In particular
measures that stimulate girls’ retainment in school and their completion of primary education, along
with literacy programmes, adult vocational training of women will be supported (NORAD 1995).

NORAD legitimises the support to education by stating some general benefits of education.
Education, according to NORAD, improves the lives of people, provides a foundation for
continued leamning, strengthens the child’s cultural identity and is a cornerstone for democratic
development. Education also benefits nations, is a foundation for higher research (primary and
secondary), is a prerequisite for technological development, economic growth and lower
reproduction rates (NORAD 1995).

Feminist critics of science have accused science for being masculine and androcentric 'and therefore less
interesting and relevant for girls. Masculine bias might seem as a minor limiting factor preventing girls from
choosing science in Africa as the girls are faced with such a huge number of other obstacles. Nevertheless it
might not do any harm to take a closer look at the feminist critique of science and science education to se
whether it might can offer some ideas about why girls all over the world seems to be outnumbered by the boys in
science education. | will now briefly present the feminist critique of science as it has developed throughout the

! Androcentricm: Preoccupation with men and the activities of men to the exclusion of women in human affairs

(Webster's comprehensive dictionary if the English language, 1998)
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last 30 to 40 years. | will thereafter reflect on the possible impact of the different “waves” of feminism on the
thinking about science education for girls.

First wave feminism: feminist empiricism’
The first feminist criticism of science was influenced by the women's and civil rights movements in the 1960s and
1970s (Barton 1998).

This fype of feminist critique of science has later been labelled liberal critique of science, as it does not criticise
science in it self for being masculine but the research and employment praxis within the sciences.

The main concern of the feminist empiricists was to achieve equality and equal opportunities for the sexes and
create a research practice that dealt equally with women’s problems. The feminist empiricists did not believe that
scientific inquiry per se would be changed by recruiting more women, but that the focus of scientific research
would change when an equal number of men and women engaged in research. In other words, feminist
empiricists believed that including more women in science would change what is being researched at, while the
nature of scientific inquiry would remain the same (Longino 1990 p. 9).

Sandra Harding (1991) writes in the book "Whose science? Whose knowledge?” that this type of critique was
mainly a critique of what she calls “bad science”. She argued that men focus their research on issues that they
care about, and therefore it is interesting and relevant only for half of the world's population and, therefore
should be considered “bad science”. The feminist empiricists also reacted upon the fact that results of research
conducted on men, particularly on medical issues, were generalised to apply also to women.

Second wave feminism: standpoint theory
The next phase of feminist critique of science was in the 1980s and 90s. This critique of science argued that
science is not neutral but constructed and therefore influenced by the scientists and the surroundings they live in.

This critique went further than the feminist empiricist since it criticised the epistemological and methodological
foundations of science (Longino 1990). These feminist critics argued that scientific inquiry was still influenced by
the positivist tradition that was the ideal in the 17th century when modern science was developed. They argued
that the assumptions had persisted of the essential nature of science, namely that scientific facts are grounded
in theory largely free of personal, social and cultural values.

Evelyn Fox Keller argued that the values, goals and assumptions of the researchers influence the outcomes of
the research. Since most or all scientists were male, values held by most males were not distinguishable as
biasing: They became synonymous with the “objective” view of the world.

Sandra Harding developed through her 'standpoint theory’, a way for researchers to become conscious of their role
as researcher. She used Marxist theories to explain the effect of oppression on' women. She argued that society
put constraints on the production of knowledge. The knowledge and culture of a class society therefore reflects the
interests of its ruling class. In the twentieth century scientific knowledge particularly in western countries would be
determined by capitalism and reflect the interest of the dominating class. A more objective and transformative
knowledge can only be found through the perspective of an oppressed class (Longino 1990, p 12).

Because women are oppressed she claimed that they are epistemological privileged compared to men since
they are forced to see the world from two perspectives. They must see the world from the male perspective in
order to survive in a masculine world but they will also see the world from their feminine perspective because
they are women. This double vision allows them to see more than men. In their capacity of being oppressed,
women therefore are epistemologically privileged compared to men who are in a position of being oppressors.
Because of this women will conduct better scientific research?

2 For a more detailed description of Harding's justification of standpoint theory compared to feminist empiricism,
see the article "Rethinking Standpoint epistemology: What is "Strong Objectivity” (In Harding 1993).
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“The oppressed are indeed damaged by their social experience, but what is a disadvantage in
terms of their oppression can become an advantage in terms of science” (Harding 1990)

Third wave feminism: theory of situated knowledge

Both feminist empiricists and standpoint feminists highlight the differences between genders. Girls and boys,
men and women are considered to be different from each other and will therefore contribute to science in
different ways. The post-modern critique of science criticises this feminist critique of science for treating all
women alike.

The post-modern feminists argued that the differences within a group of people of the same sex can be just as
big as the sex differences.

One feminist philosopher of science typically representative of the post-modern feminist critique of science is
Dona Haraway. She criticises the standpoint theory, arguing that no position is more privileged than others.
Haraway argued against the view that oppressed people conduct better scientific knowledge. Describing the
world is, according to Haraway, always a matter of interpretation (Haraway 1991, p 195). Neither men nor
women are in the position of describing the world on any other behalf than their own. Haraway argues that
researchers claiming to be able to conduct universal and objective knowledge conduct what she labels the
“God-trick”, the view from nowhere. By this she means that they try to exclude their own position, and thereby
biased basis for research, to be able to conduct neutral observations.

Haraway's alternative to Harding's “standpoint theory” is the theory of “situated knowledge”. According to the
theory of situated knowledge, no positions is more privileged than others when it comes to viewing the world.
Nobody, no matter whether being oppressed or oppressor, man or woman, can see the world more clearly than
others. We can only see the world from our personal perspective. In that way all knowledge is situated.
(Haraway 1991, p 188).

According to post-modern theories and Haraway, the standpoint of the researcher as a subject and all other
subjects differ from each other. The knowledge that can be achieved about the world is therefore of an individual
character and implies no universal truths.

Impact of feminist empiricism on science education
According to the liberal feminist critique there is nothing wrong with science. Men and women can both conduct
objective scientific knowledge. But more women are needed in science to determine what is being researched at.

The feminist empiricists were therefore concerned with recruiting more female scientists to secure equality in
research topics. Their main issue when it came to education was therefore to recruit more girls into science.
Since this “wave” of feminism did not regard science in itself to be masculine and androcentric, the focus at this
time was not to question the neutrality and objectivity of science, but to find ways to make it more attractive to
female students. The feminist empiricists did thereby not want to change science as a discipline but change the
way science was being presented to make it more interesting for girls (Barton 1998).

To recruit more women into the sciences, feminist empiricists regarded it as necessary that all obstacles be
removed that prevent girls from choosing science in school (Barton 1998 p 3). A good way of doing this is to
demystify and demasculinize the image of science by exposing girls to role models and career information, to
sensitise teachers on the importance of including girls, gender analyses of textbooks and so on.

Implications for science education:

» Remove obstacles preventing girls from choosing science.

» No problem to continue teaching scientific facts as long as this is done in a way that is equally interesting to
boys as to girls.

The impact of standpoint theory on science education
According to standpoint theory / second wave feminism women / girls see the world more clearly then men
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because they have to see it both from men and women'’s perspective. This enables them to conduct better
science than men.

The main difference between the feminist theoreticians that applied to a standpoint theory and the philosophers
of science that had argued against the neutrality of science earlier, was that the feminists highlighted the impact
of the researchers gender on the outcome of the research. The standpoint theoreticians’ critique of science
brings new perspectives to the thinking in science education because it argues against the positivist myth that
there is an objective, solitary way of doing science that results in independent, unbiased knowledge (Barton
1998, p 10). Standpoint feminists concerned about the androcentric bias in science and technology agreed with
the feminist empiricists about the importance of recruiting more girls to science. They did not, however, regard
this a sufficient change in the presentation of science in school. Science itself needed to be questioned. Since
science, according to the standpoint feminists, is influenced by the scientists creating it, science itself needs to
be reconstructed in order to be accessible to girls.

Standpoint feminists explored new approaches to science education that reflected the social, historical and
political context in which science had been constructed (Barton 1998). Science education influenced by a
standpoint feminist critique of science should aim to put science in a social context to show pupils that science is
shaped by the standpoint of the scientists, their background, and their gender. Since standpoint theoreticians
believed that women were epistemologically privileged compared to men a science created by women would be
of higher quality than a science created by men It would therefore be crucial to include in the science curriculum
information about science that had been developed by female scientists.

The implications of this critique to science education would therefore be:

+ Show examples of what Hading call “bad science” in science class.

* Focus on showing science that is conducted by women and minorities.
« Encourage girls in particular to be scientists.

Impact of situated knowledge and post modern critique on science education :
The post-modern critique of science claim that the background of the scientist influences both what one chooses
to study and how this is studied. '

The view that science is created within a context that is highly influenced by the experiences of the people
creating it is in sharp contrast with the picture of science presented in most science textbooks. The post-modern
critique of science as Haraway presents it would thus have dramatic consequences for science education if
taken literally. A relativist view like this would break totally with the ideals for science and scientific inquiry. This
ultimately could lead to a science education where western science were explained to be no more scientific than
all kinds if indigenous knowledge and astrology because all knowledge is seen to be personal.

It is difficult to se how an extreme relativist position like this could benefit science education and make it more
relevant for girls. Still | believe that this position can offer interesting perspectives to science education.

| think it is possible to interpret the post-modern feminist critique of science in two different ways. The impact on
science education of these two interpretations can be explained in terms of different types of constructivism.
Constructivism is the epistemology that has been dominating the science education discourse the last 20 years
(Sjeberg 1998, p 295). Very simplified the view of learning within this epistemology is that all knowledge has to
be constructed by the learner. There are within constructivism extreme positions. Radical constructivism claims
that not only our knowledge about the world is constructed but that the world itself is socially constructed. Our
knowledge about the world is therefore strictly personal as no objective knowledge is possible. This view of
learning would perhaps be the dominating epistemology if the post-modern feminist critique of science should be
taken literally.

A less radical view of how knowledge is constructed is labelled “personal constructivism”. According to this view
of learning all knowledge needs to be constructed by the person who are learning. This view of learning, in
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contrast to radical constructivism, opens for shared knowledge about the world. This view of learning is
influenced by the theories of Piaget who also claimed that the learner could only construct new knowledge by
building the new knowledge on already existing knowledge structures. It is thus crucial for the teacher to
understand what the student already know, and be aware of that all pupils have different knowledge. The way |
see it the impact of post-modern feminist critique on science education can also be interpreted in terms of a
personal constructivist view of learning. By highlighting the difference between all people, not only between girls
and boys, the signal to teachers would be to not assume that all boys and girls think in the same way just
because they have the same sex. Haraway highlights the importance of being explicit in what shapes your
observations and reflect upon your own situatedness when knowledge is constructed. The way | read her she
does not reject the existence of an outside world.

Barton (1998) argues that acknowledging the influencing factors of the science being created would make it
easier for pupils to construct science from their own questions and experierces, even when those experiences
challenge social norms. According to Barton a science education building on the post-modern feminist critique of
science would be an activist science education that highlights the background of the pupils and aims to teach
science relevant to the (female) pupils. A prerequisite for this would of course be that scientific knowledge would
not be regarded as personal although it has been personally constructed.

A radical interpretation of post-modern feminist critique of science is that all knowledge is personally constructed
and therefore personal. Thus all knowledge is equally scientific ore rather: equally non-scientific. The
implications of this for science education could be to:

» Teach all kinds of knowledge systems equally in science class.

* Include in science indigenous knowledge and present it as equally right as western science.

A liberal interpretation of post-modern feminist critique of science is that all knowledge about the world needs to

be constructed personally. It is though possible to construct knowledge about the outside world. Implications of

this critique on science education could be to:

+ Be aware of the pupils’ prior knowledge and arrange for the pupils to construct new knowledge on the basis
of what they know from before.

» Do not take for granted common experiences or knowledge although the pupils have same sex.

+ Make science relevant for girls by building on their own personal problems. Show the influence of the
researcher on the research and use this to visualise the possibility of the pupils to use their science
knowledge to explore what they find important.

Conclusion

| believe that feminist critique of science can be of relevance for gender and science education projects in
developing countries as well as for everybody else working with girls and science. The implications to science
education of much of this critique is the way | see it the awareness of how both science research and learning is
influenced by the background of the person who conduct scientific research or construct knowledge about the
natural world. | think that the feminist critique is well suited to visualise the close connection between how we
see science and how we construct our images of science education. | believe that awareness of this connection
can be of help in planning interventions in science education in Africa. If one for instance apply to the liberal
post-modern critique of science this would have other implications to science education for girls than if one
applied to the feminist empiricists critique.

| also believe that the feminist critique can be relevant for gender and education projects in terms of visualising
the importance of teaching girls science to donors and money lenders. This could hopefully have positive
implications for the economic support to such projects.

According to this critique it should be crucial for donors and money lenders to be aware of the effect different
types of science education might have on girls. Achieving the aims of the donors and other stakeholders does
not require only money but also detailed discussions of educational issues such as the content of the curriculum
and the pedagogical presentation.
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Abstract

This is a case study of a teacher enacting project-based learning with his sixth grade students. The teacher
Jaume Baras (not his real name) states that he uses projects as a way to break the barriers among
subject-areas, give students a leading role, and develop creativity, initiative, collaborative work, solidarity and
knowledge tied to action. During the project studied, | observed almost all the classes, interviewed the teacher at
the beginning and end, interviewed six children at the end, collected didactic material and copies of children’s
work. Also, the teacher agreed to keep a diary, using a form | gave him.

Mr. Baras wanted children to get ampler perspectives and invited them to study health in six regions of the world.
The project lasted five months, meeting once a week, plus some extra classes towards the end. There were
three phases during the work. In the first phase each team chose a region and did library research about it, using
a comprehensive concept of health they had constructed in class. The teams presented their results to their
classmates, utilizing strategies like posters, dramatizations, a “TV news report’, etcetera. In the second phase,
Mr. Baras asked them to go beyond data and try to present a message. In the third phase Mr. Baras found a
collection of books about “children of the world”: in each book a child presented his or her own country. He
decided to center each team work in a single country instead of in a whole region. Each team chose a country
among the ones in the collection. In this phase, work went more smoothly because the books were easy to read
and the information was more focalized. The class presented their project (named by them “A world of different
colors”) in an inter-schools event. Besides, the children talked about it in a regional radio station.

Baras thinks the project helped children “to get a new vision of the world”. And that the students also advanced
in group work and independent search for information. To my question “What have you learned in this project?”,
children interviewed said: “Things about other countries we didn’t know, we thought everybody lived like us”,
“Not all people live equally well... You have to respect others, no matter how different they are from you". Other
learnings: to read and write better, to have a deeper concept of health. From my perspective, it would have been
better if the project had focus in specific countries from the beginning. Also, it could have been enriched with
more empirical research. The general idea was powerful and formative.

Introduction

Globalization: a complex term which encompasses promises and threats and which receives very different
interpretations, according to different interests and perspectives. Is it unavoidable a globalization marked by the
dominance of a powerful few? Will “First World" poles of well-being turn into (or are they already) fortresses
besieged by millions of disenfranchised who strive for a better life? Will the terrible shadow of terrorism cover the
21th. century? Or will it perhaps be possible, thanks to the efforts and struggles of diverse peoples and social
groups throughout the world, to use present technologies and capabilities (and to develop new ones) in the
attainment of a more inter-related, more prosperous planet, with opportunities for all?

These questions challenge educators: the school cannot stay away from so severe and pressing problems. In
this paper, | present a teacher's attempts to face some aspects of this challenge through a classroom project,
where his students investigated health conditions around the world.
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Aims and Methodology: An educative case-study

This research can be considered an educative case-study (Stenhouse, 1991) since its general purpose is to
contribute to the improvement of educational practice and in this way of the condition of children and the
professionalism of teachers. This kind of work aims at the development of educative theory and/or the
refinement of prudence, through systematic and reflective documentation of experience. In this investigation, |
focused on project-based learning (Manning, Manning & Long, 1994; Marx et al., 1997) and on the issue of
“global consciousness”. :

| observed the classroom project from beginning to end, and kept field notes. | also video-recorded three
classroom periods and audio-recorded one, collected samples of pupils’ work and all the didactic material given
by the teacher, took photographs and sketched a plan of the classroom. Besides, | interviewed the teacher both
at the beginning and at the end of the project, and interviewed three pairs of students at the end. The teacher
kindly kept a weekly diary, using a form | supplied. Months later, he also read and made critical comments about
the first draft of the research report.

In the interpretation of data, my intention has been to consider the most interesting facets of the case without
losing its unicity. There are three kinds of text in the report: particular descriptions, general descriptions, and
assertions or orientative commentaries (Erickson, 1998). The descriptions have taken a narrative character, with
the advantages of straightforwardness and subtlety (Stenhouse, 1991). Straightforwardness because of the
readers’ familiarity with narrative conventions, and also because the narrative forms forbid the author to impose
her or his own logic against the resistance of the story. Subtlety because of the capacity of narrative to
communicate ambiguity, selecting information that invites the reader to speculate with alternative interpretations.

The strategies followed in order to increase the trustworthiness of the research (Guba, 1981) included: lengthy
work in the same place and persistent observation, triangulation, collection and use of referential material,
participants’ verification and structural corroboration.

Background information on the case
The school where the observations took place is a private, non-confessional institution, with a partial subsidy
from the regional government of Catalonia (Spain). It is located in a small town very near Barcelona.

At the time of the observations (1998-1999), the teacher, Mr. Jaume Baras, had seven years of experience in
formal education plus another five years in non-formal education. He had a three-year university degree in
Magisterio (Teaching), and was studying for a five-year degree in Psychopedagogy. Mr. Baras had seven
pedagogical publications, as author or co-author.

The class was a sixth grade, integrated by 26 students, 12 girls and 14 boys, all 11 or 12-years old. Most of
these students were middle-class, third generation of castilian-speaking emigrants to Catalonia from other
regions of Spain. In very few cases the parents had higher-level education.

The project lasted five months, with 90 minutes class periods once a week. The classes were in catalan, with
occasional use of castilian by some of the children. The names of teacher and pupils have been changed to
guarantee confidentiality.

- Origen and great objectives of the project observed
In this classroom, they develop a long project from October to March, which they then present at an

. Inter-Schools event in town. The theme of the project has to be in the area of Health and Environment, because

that is the focus of the event. Besides, there are shorter, more limited, projects throughout the year. In parallel,
" 'Mr. Baras follows the textbook in a more traditional way, since this is a requirement in the school.

Projects are proposed by Mr. Baras, from what he thinks can generate a sustained and relevant work. However,
the teacher considers it necessary to “transfer” the control of the project to the students during the first sessions.

o
@)
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This year, teacher Jaume wanted to approach health making comparisons among regions of the world. Jaume
thought that studying the world the children could become familiar with other cultures, and in this way they could
not only have a broader knowledge of health matters but, in the future, when they heard about Morocco or
Subsaharian Africa they could say: “Yes, | remember a recipe from Morocco” or they could relate an african
country with a music or a landscape, instead of the sterotype that they are the ones who come to take our jobs
from us, or other negative images.

Another great objective of project work, according to Mr. Baras, is that pupils learn to reflect and to take a stand
about what could be done in real life problematic situations (the “what would you do”, he says).

In general, through projects Mr. Baras wants to develop creativity, initiative, collaborative work, solidarity and
knowledge tied to action. He considers it important that children, faced with a relevant issue, be able to look for
information in different sources, analyze it and write a report. Metacognition is also a relevant aim for Mr. Baras.
Besides, through projects he wants to break the barriers among the different school disciplines. And another
important aspect, according to the teacher, is that with projects school work gains significance for the students,
since they are protagonists and the contents are more related to real life issues.

Phases in the development of the project

This project was long and convoluted, developing through three distinct phases. After an initial theme proposal
by the teacher and planning done in students’ teams, the First Phase of the work started, centered on library
research by each team about health conditions in a particular region of the world (Europe, South America, North
America...). The results of this work were presented and appraised in general classroom meetings.

Table No. 1. A sequence of the work done during the project

Readings and discussions on key concepts
The teacher proposes the theme of the project

Planning
A
First Phase of Project Development
(each team works on “Health and Environment” at a particular continent)
Library research
Visit of expert

Presentation of team work to the rest of the class
d
Appraisal
d

New Project Phase
(aborted)
A
Message
(Second Phase of Project Development)
(Definition of the message they want to communicate)
Readings
Songs
Team work
General discussions
Common proposal
Each team a country
(Third Phase of Project Development)
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Team work
Library research
Reports
General discussions

Communication
Radio program
Rehearsals
Event
Appraisal

Final evaluation
Observation of video, comments
General discussion: “What have we learned”

Then, it was decided to reorganize teams and topics, which implied a new phase of reelaboration and
completing of information collected. But this phase never took place. Instead, the teacher proposed a change: a
Second Phase focused on the definition of a “message” from all the information compiled, and on the designing
of the ways to communicate this message to the public. _

The project continued through a Third Phase, where each team, practically rejecting what was done during the
First Phase, undertook the study of a particular country, thanks to a new collection of children’s books.

All the effort ended with the participation in a radio program and the presentation in the Inter-School Event.
Finally, there was an assessment of the work done and a closing session of evaluation based on the observation
and critical commentary of a video about recent immigration to Spain.

The limits of this paper allow only a very summarized report of the whole process.

The beginning: theme proposal and planning _
Mr. Baras began the work on the project distributing a hand-out, written by him, with faked interviews where four
invented children (two boys and two girls) gave their own definitions of “health” and “environment”. Definitions
ran from the simpler, more limited and individualistic to the more complex, elaborated and of solidarity character.
The pupils studied the hand-out and made two tables at the blackboard classifying the definitions offered.

In following periods, they discussed about the factors that influence health and their variations throughout the
world. The teacher raised the possibility of the project and the pupils accepted it and organized in teams, each
team choosing a different continent for their study.

The teams planned their work, according to three questions posed by Mr. Baras: what are we going to do, how
are we going to do it and who will do what. Each team explained to the rest of the class how they were
organizing their work.
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Table No. 2. Distribution of classroom periods during the project

Kind of activity Number of periods
Beginning: theme proposal and planning ' 4
Library research 6
Visit of expert
First Phase of Development 7
Team's presentations 1
to the class
Midway reorientation 2
Second Phase of Development: 3
The message and its communication
. Focalized search 3
oot Ly s
Rehearsal 1
Event 1
Culmination Appraisal 1 3
Evaluation 1
Activities outside project ' ' 1
TOTAL 25

First Phase of Development: Information search and classroom presentation

Children were familiar with the dynamic of projects, as understood by their teacher, so they set to work without
hesitation, and during five periods, they brought to class, read and copied information from different sources:
books, brochures, maps, CD-Roms, Internet... :

The South America team interviewed me, | suspect at their teacher’s request. And, following a suggestion by Mr.
Baras, a student, Tatiana, explained to the class her experience as “godmother” to a peruvian girl, giving money
through a NGO.

In spite of the achievements, work during this phase was difficult, because of the magnitude of the teacher's
proposal and the scarcity of suitable sources of information: those available were interesting and attractive but,
often, of very high reading level. Well advanced this phase, Mr. Baras suggested to focus the search on the
Catalonian Encyclopedia, which simplify things.

An enriching experience was the visit of a member of a NGO, invited by teacher Jaume. Her organization, of
catalan origin, works in Nepal, building schools for poor children. Jaume's students, in teams, prepared
questions for their guest. The visitor gave us a short talk about Nepal and showed us a video of the work of her
organization there. Several times she told us that those children “do not have anything”. At the same time, she
informed us that in Nepal there are also very rich people, whose children go in Mercedes Benz cars to luxurious
schools, which may even have tennis courts. This information shocked the students, who asked among ‘
themselves why was it then necesssary to give help from Spain, and how come these rich people didn't help
their own poor fellow countrymen.
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At the end of this phase, each team prepared and then made a presentation to the rest of the class about their
library research. The presentations took from five to twenty minutes, with an average of fifteen minutes. After
each one, there were questions and an assessment, for another twelve to fifteen minutes.

Several teams made posters with maps, graphics and texts, but these were usually very small to be seen from
the desks in the presentation. The North America team just read the information they had compiled, issue by
issue: drugs, economy, health, diet... The rest of the groups tried to make more attractive presentations. For
example, the Asia team invented a “TV news program”, reading “news” (really general information took from
books), interviewing “a lady who had been in Asia", giving a weather report on the continent, and even adding an
advertisement break, during which they asked the audience to be “godparents” to Third World children.

Interview to Montse, “who has been in Asia”. (...)
-How are living conditions in Asia?

-The rich very rich and the poor very poor.

-What do they eat in Asia?

-Mostly rice, lentils and legumes.

-How are the health conditions of the people?

-It depends if you are rich or poor.

(From the field notes of the observer).

The effort made was commendable, but there was need of a more careful development of good ideas, more
rehearsal and a better command of information on the part of each student.

Midway reorientation .

Mr. Baras organized an extra session to make an assessment of the work done until that point and to plan next
phases. | was surprised when he proposed two alternatives: to continue as before, improving each team's work,
or else to make a change of approach, establishing new teams, and working not by regions of the world but by
issues (diet, medical attention...). A pupil proposed a third alternative, actually a combination of the two previous
ones: to continue like before, but to organize also occasional meetings by issue with representatives of each
team.

Children voted for the second option, which they would take on in January, after the Christmas holiday.

But at the end of the vacations, Mr. Baras told me he had been thinking: they needed a change of direction in
the project, they could not go on as they had decided, because it was more of the same. Mr. Baras said that they
had overlooked creativity. And added that he intended to discuss this problem with the students.

He actually did in their first January class: the project has gone into too much information, he said. And remarked
that there were two paths: either to explain information directly, or to start from an idea, a message that you want
to convey, and use the information accordingly. He added that music could help focus the idea, and invited the
children to listen to two songs he had brought. Both songs stressed the need for peace, tolerance and
brotherhood in the world.

After listening to the songs, Mr. Baras asked the students to think about two questions:
- Do you think that these two songs have something to do with our project? Explain what and
why.
- Can you imagine some way of including these songs into our project?

After a while, the teacher wrote the students’ answers in the blackboard, a column for each question:

War Accompaniment
World situation Background music
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Peace, friendship To compare
Wealth, poverty TV news, pauses
Equity :
Freedom

Rights of children

Racism

Mr. Baras added: “Can we take all these ideas we have mentioned and get a message out of them?”.
At the beginriing childrén were silent, but soon they began to participate: Why can’t‘they all be equal, rich and
poor?; in this way we have realized how the world is, there are more poor people everyday; we realized there

are differences among countries...

A girl, naively, broke the line and said: “Racism is not bad. | am a racist, but if someone introduces a black child
to me, | shake hands with him”.

“Then you are not a racist’, replied Mr. Baras.

And the girl: “Yes, | am, because | don’t want him in my country”.

Other children:started to discuss.if their classmate was a racist or not, and about it is not your fault if you have to
leave your country because there is a war... But the teacher postponed to “another day” this discussion and
asked: “Do you agree that we have a message?”.

“Yes!”, said the children almost in unison.

Mr. Baras insisted: “What should we do: keep on explaining or iook for the message?”.

At first, some pupils answered “keep on explaining”, but after a while, almost all participants favored the
message.

Mr. Baras proposed to specify resources and.ideas at the next session.
Second Phase of Project Development: a message and a proposal * -

But message specification was not inmediate. Mr. Baras thought it useful first to read and discuss two. texts, in
subsequent sessions: the Universal Declaration of Human Rights and a news clipping on the experience of a
group of young people from their town in an encounter of “Meninos da Rua” (street children) in Brasil. The
teacher even suggested students to ask this group of young people to come to the classroom, which the
students did, but the youth group had problems of schedule. :. : : :

During the next days children, in teams, wrote their pfoposals for “a message”, and presented them to the rest of
the class. Teacher Jaume wrote the main ideas at the blackboard: ‘

Environment

Human rights: school, health, life, work...
No prostitution, no drugs

All have rights

Inequalities
The world is not perfect

Songs can help us in our learning
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We are privileged

Equity

Health
AIDS

Racism

Drugs

Health, Equity Implications
Work

Future

Diet

Mr. Baras asked the children what could they do to sell their ideas. The students made suggestions: to explain
them at the event, to join forces, to make posters... A child suggested to go to the municipal magazine and put
an add. Mr. Baras corrected: “Make an statement”. “And we will all appear on the magazine!”, said the child,
generating enthusiasm in the class. Others proposed to go to the regional television station, but the teacher
explained that the TV people receive a lot of requests and would not listen to them, then the children opted for
the radio. Besides, Mr. Baras suggested and was accepted to visit the town major.

Third Phase of Project Development: each team, a country

In a new turn of the work, Mr. Baras showed up in class with a pile of books. He said they could be useful for the
project. Each title dealt with a particular country, presented by a boy or a girl from that place: “Minu. | am from
India”, “Dana. | am fron USA”, “Féatima. | am from El Salvador”. The books were written for children, their
language was simple and enjoyable, and they had good illustrations.

As there were six titles, and each country belonged to a different continent, the teacher proposed that each team
worked with one of these countries for the presentation at the event. At first, no one wanted to be representative
of small and poor countries like Gambia or El Salvador or of the by then troubled Serbia, but little by little the
children formed the new teams. :

Work continued in following sessions: children read their new books with interest and extracted the information
they deemed relevant. They also added notions from encyclopedias and encyclopedic dictionaries. The title of
the presentation was decided by the whole class, selecting it among more that twenty proposals: “A world of
different colors”.

Thanks to Mr. Baras efforts, they presented their project in a children’s program of a regional radio station. Their
participation there was simply a shorter version of what they were going to say at the inter-schools event.
Probably, it would have been more appropriate a conversation about the project, how they had worked on it and
what they had accomplished, but that was the way the teacher planned it, perhaps because the aim was to
transmit their message.

A_ day before the event they did a general rehearsal and appraissed it.

Culmination: Final Presentation, Appraisal and Evaluation

After five months of work, the children and Mr. Baras (all quite nervous) went to the Inter-Schools Event. When
the curtains of the auditorium opened, two presenters could be seen: a girl and a boy of the group, elegantly
dressed. They announced the “physicians” who, with their spotless white coats, read the broad concept of health
they had constructed in class. Then, appeared in order the representatives of the different countries, all more or
less accurately disguised.
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Children read their speeches, some did it better than others but, as the texts were short and highlighted
important issues, it was not tedious to listen to them.

Since the seventies, this region (Gambia) suffers the consequences of the advance of the desert, like many
other regions of the Sahel. The progressive rain decrease has had very negative effects, mainly in agriculture,
cattle raising, and in the availability of drinking water.

In this same decade and in conjunction with the ecological and economic deterioration, the young people from
Gambia started emigrating towards Europe.

To write these texts, children relied too much on the books read during the Third Phase. However, the writing did
involve an effort: the books were much longer, students had to select and summarize.

At the end of their presentation, the representatives of the six countries, the presenters and the physicians
gathered on stage holding hands, and sang one of the songs their teacher had brought to the class months
before: “El mén seria” (“The world would be”), accompanied on the piano by the cousin of one of the students. It
was a little touching to see and hear them: “El mén seria mes huma / si tots fossim germans...” (“The world
would be more human / if we all were brothers and sisters..."). In total, twenty minutes. The audience applauded
them. To finnish, they distributed a hand-out.

This leaflet was well designed and had a pertinent content, showing a careful work on the children’s part. The
first page indicated the title of the project: “A world of different colors”, the school and class and the name of the
event. Each one of the following five faces of the hand-out presented a particular issue: Health, Rights of
Children, The world (Data about the six countries researched at the Third Phase), “El mén seria” (Lyrics of the
song), Think that:.. (The message: “Health is a kind of chain with many links, and which makes everything
run... We have to think about the world, think about other people... We all have the right to live...").

The same afternoon of the event, Mr. Baras and the children made an appraisal of their presentation. In general,
they 'shared positive considerations of accomplishment, comradeship and pride.

Fmal Evaluatlon

Mr. Baras decided to add a specnal evaluation activity, which consisted in watching a video about immigration
towards Spain and then answering in writing the following question: “If you were asked to write an article for the
school magazine about immigration, what would you say?” Mr. Baras reminded the students to say positive and
negative things and, above all, consider the “what would you do”".

Very few of the children’s answers summarized properly the issues presented in the video, they only repeated
some of the statements heard. As for their opinion, fourteen children opted for a position of “All have right to a
good:life”, and therefore everybody should be allow to move freely from one country to another. Only three
students expressed clearly that immigrants should not come to Spain, because they take jobs from the spaniards
and besides some of them are delinquents. A student stated that he is not racist, but he thought immigrants
could “get their feet wet” and fix their own country. Eight children had a mixed position: they were sorry that
illegal immigrants were not allowed in Spain and so missed the chance for a better life, but remarked that one
has to worry also about jobs and housing for the spaniards.

About the “what would you do”, most students opted for solutions out of their reach, proposed with no
consideration for real life situations or constraints: “| would make for everyone to have housing and jobs”, “If |
were a person in power, | would change the laws, the world would be free”, “If | were famous or rich, | would give
means to the poor, so they did not have to emigrate”. ‘For many students, it was difficult to think about what
would they do as common adult citizens or what could they do now as children. Maybe the very way of posing
the assignment favored the escape to magical solutions. Even so, some students made proposals that coincide
with ambitious but very reasonable ideas suggested by experts in the field: “If | had power, | would improve
societies like Morocco, because they leave since they do not have jobs or means of life at home”.
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The second half of this same class was used for a self-evaluation, considering eighteen aspects: eight proposed
by the teacher and ten put forward by different students. Children assessment of their learning during the project
was positive. :

Conclusions

From the point of view of the teacher

Teacher Jaume Baras has, on the whole, a positive appreciation of the project. He remarks that group dynamics
worked very well, and the children took charge of the project and drove it to a good end, with enthusiasm and
motivation, making he enthusiastic too. He considers that children learned a lot and are conscious of it. Also, that
they perférmed their work with few interpersonal conflicts, and developed good debates in the general sessions.
Participation in the event went well. Mr. Baras also values that the group as well as himself reacted properly to
difficult moments, like the impasse before Christmas, when it seemed that the project had reached a deadlock.

Mr. Baras started this project concerned about the themes of solidarity, globalization and multiculturality, and he
returns to them in his final consideration of the work done:

According to what | understand is a good person, and what | understand is the challenge of
young people of the two thousand and something, which are going to be them (...) well, | think
that this will have been useful. Because, at least, they will have received a volume of information
in a direction different from usual. And that has had some usefulness already. To unbalance you
a little and make you think...isn’t it?

(From the final interview to the teacher).

With respect to what “did not work” in the project, Mr. Baras points out that the first phase was too dense,
because they did not find adequate sources of information, adapted to the children’s age. He questions himself
about if he should have foreseen this or if it is part of the education of children to face this kind of obstacle
sometimes. Besides, this first phase, said teacher Jaume, revolved too much around library research and got
into a stalemate in December, which was difficult to overcome.

From the point of view of the students

Thanks to the numerous (maybe too numerous) appraisal sessions done during the project, it is possible to say
that the vast majority of the students expressed a very positive appreciation of the project, as a worthwhile
activity, useful for their future. They stated that they learned new notions, improved their group work abilities, had
a good time and advanced in their self-management. Although in a lesser measure, children also considered that
they had adquired a new vision of the world and of the relations among people and that they had advanced in
their responsibility. It is good to add that these are answers to questions posed by the teacher or by themselves,
and which guided the appraisal sessions.

But these considerations were corroborated in the more open interviews which | had with three pairs of students.
What is more, here the great aim of Mr. Baras “to contribute to reach a new world vision” moves to the first
plane, as all the children mention it in one way or another. For example, Berta remarked that what she liked most
in the project was to learn more about the world, to know that others live differently. On his turn, Manuel said that
the most interesting thing was to do the in-depth research of some countries, “because we did not know about
them and now we do". To the question: “What have you learned during the project?”, Tatiana commented:
“(That everybody has to be... has to be equal. No matter how different they can be, they have to be treated
equally, because they are human beings”. :

On his turn, Riqui V. stated that what he liked most was to work in group, although it was also the most difficult,
because of the need to reach agreements. Berta shared his opinion since “(In a group) each one thinks that what
he or she says is the best, but of course you have to think of the others too”. When asking Tatiana: “What has
been the most difficult for you, during the project?”, she answered: “To reach agreements”. And then added:
“And to know what we were going to do, to have everything clear”.
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Children indicated that other thlngs they learned were to read and write better, and to have a deeper concept of
health.

The issue of the first phase of the project, with its difficult search for information in complex and dense books,
was mentioned by several children during the interviews and in classroom appraisals. Magda, for example, said
at the interview: “When we started we were not donng very well, because the teams... we had a lot of information
and it was very hard for us”.

From the point of view of the observer

Mr. Baras proposed a great theme: relevant and with considerable impact in these children’s present and future
life. It is valid that some classroom projects arise from the reflection of the teacher, and not only from students’
initiatives.

However, children never really took the work in their own hands,' as the teacher expected and presumed. Maybe
they needed at the beginning more of what we could call “exploratory” or “unleashing” activities (Lacueva, 2000).
And a more careful preparation of the work environment so that they could choose more and could propose
more.

On other hand, it took too much time to give the project the right direction. During the first weeks, the teacher's
proposal was too difficult for a sixth grade, both in terms of the topics to consider as in terms of the books and
other resources available. ,

Besides, the production of the “message” was too guided by the teacher: authentic debate was lacking.

It is fundamental not to center projects just on library research, but to combine this with empirical research of
some kind. In this way, students can really act as direct investigators of reality. In a project like “A world of
different colors”, for example, it would be possible to make more interviews to immigrants, experts and spaniards
who have lived abroad, to study videos of health and environmental problems in different parts of the world, to
analyze statistics (something that this class started to do), to observe critically foreign television programs or
films, to attend cultural events and fairs of foreign communities in town and reflect on them, to visit ethnological
museums and artistic exhibitions from other parts of the world, among other initiatives that could contribute to
study first-hand the topic under investigation. Without the empirical component, project-based learning loses
investigative character and is limited to a respectable but more modest activity of search and organization of
documentary information.
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m CONSTRUCTING TECHNOLOGY EDUCATION.
A CROSS-CASE STUDY OF TEACHERS REALISING TECHNOLOGY
AS A NEW SUBJECT OF TEACHING

Berit Bungum
The Norwegian University of Science and Technology, Trondheim, Norway

Abstract

This paper presents an on-going PhD project on technology teaching in Norway. In contrast to the situation in
many of our neighbouring countries, Norwegian schools do not have technclogy as a compulsory subject for all
pupils, and our traditions for technology teaching in existing subjects are weak. However, a curriculum
development project currently run by the Norwegian Society of Engineers (NITO) gives an opportunity to study
the realisation of technology as a new educational subject in Norwegian schools. This project, called TiS
(Technology in Schools) is highly influenced by the subject ‘Design & Technology’ taught as a compulsory
subject in England and Wales. However, the aims of the TiS project link technology teaching to science to a
much higher degree. Further, a range of other factors are likely to influence the ‘transfer’ of curricular content
across national borders. '

In attempting educational reforms, appreciation of the influential role of the teachers is essential. In the
presented research project, teachers are viewed as active curriculum constructors, and it explores how teachers
perceive and realise technology teaching within the TiS project in Norwegian schools. It also attempts to identify
important influences from factors such as the TiS project policy, the course the teachers attended and from the
teachers themselves.

The research is carried out as a cross-case study involving classroom observations and semi-structured
interviews. Results show that the project policy has minor influence on the teachers’ realisation of technology as
a subject. Their teaching is highly influenced by activities undertaken on a teacher-training course, but activities
are strongly shaped under influence of the teachers’ professional frames. The teachers’ realisation of technology
teaching is to a varying degree associated with science teaching. This variation does not appear to be
determined by the variation in teachers' own educational background in science. Rather, their underlying
educational philosophy is found as more fundamental to their realisation of technology as a field of teaching.
This is illustrated by the presentation of two case studies.

Background

During recent years, there has been an increasing attention internationally towards the importance of technology
as a part of general education, and the concept of ‘technological literacy’ has emerged. As technology is an
all-pervading phenomenon in human culture, society and history, there are diverse interpretations of the nature
of technology, its basis of knowledge and role in society. The many aspects and differing comprehensions of
technology itself leave the concept of technology education open to many possible interpretations.
Correspondingly, a range of approaches to technology in general education is exposed in different countries,
conveying different content and objectives and with different underpinning rationales. Technology teaching in
compulsory schools may be influenced by the tradition of vocational training in post-compulsory education,
mainly understood as specialised training for a specific technical occupation. Technology may also be
represented within science teaching, where it can serve diverse purposes. It may here have a basically
motivational function, it may appear as a tool for learning scientific subject content or the purpose may be to
promote pupils’ comprehension of the relevance of science in contemporary technology. Some approaches
address cultural and societal aspects of technology, its importance in human history and culture and its
transformatory power in society. Yet again, other approaches maintain that technology constitutes a unique
tradition of human endeavour, justifying technology as a distinct subject of teaching in general education.
Technology as such a distinct subject has during the last decades been introduced as part of compulsory
education in several countries, such as England and Sweden.
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A technology project in Norwegian schools

In contrast to the situation in some of our neighbouring countries — like those mentioned above — technology is
not taught as a distinct subject for all pupils in Norway, and our traditions of technology teaching in existing
subjects are weak. Further, a declining recruitment to higher education and careers in technology and related
fields is a matter of widespread concern. With the aim of changing this situation and putting technology on the
educational agenda in Norway, the Norwegian Society of Engineers (NITO) has since 1997 been running a
project called ‘Technology in Schools’ (‘Teknologi i Skolen’, henceforth abbreviated to TiS) in 19 Norwegian
schools (age 10 — 16). As a trade union of engineers, NITO may be assumed to see technology teaching in
schools as a way of promoting interest in technology and engineer education among pupils, with the purpose of
enhancing recruitment. However, the TiS project gathered its inspiration from rather different sources than what
can be designated as ‘engineering technology’. The project is highly influenced by ideas and practice in the
subject ‘Design and Technology' run as a compulsory subject in schools in England and Wales, and aspires to
introduce elements of this subject in Norwegian schools. It may hence be seen as an attempt to transfer
curricular ideas of ‘Design & Technology' across national borders. However, the aims set for the project are
rather different from those associated with this subject in England and Wales, and signal a much closer
relationship to science. The specified aims for the project include to promote better understanding of the relation
between technology and science, to support science and mathematics (as school subjects), to place technology
and development of technology in a historical and societal context, to develop practical and aesthetic skills by
designing a product and contribute to the inclusion of technology as a part of liberal education.

Participation in the project includes an initial course of two weeks training for teachers at a college in England, a
largely practical course where the teachers worked on projects in fields like electronics, constructions and
mechanisms, moulding with plastics and computer-aided designing. No formal curriculum is associated with the
project, but the teaching must be carried out within the broader framework of the Norwegian curriculum
guidelines for compulsory education. Responsibility for realising the aims and content of the project after the
course lay with the individual schools and teachers, though NITO provided some material resources and
organised yearly seminars. This weak framing has given the schools and teachers a great sense of ownership to
the project.

Teachers as active curriculum constructors

In attempting educational reforms, appreciation of the influential role of the teachers is essential. Teachers’ work
does not imply a ‘delivery’ of a predefined curricular content from the ideal or formal level to the pupils. The
curricular content has to be contextualised and put in concrete terms by the teacher. In doing so, the teachers
also influence — or even alter - the educational aims and objectives associated with the content (Hargreavas &
Evans 1997). Hence, teachers should be regarded as active curriculum constructors rather than technicians of
implementation. The comprehension of their role as curriculum constructors becomes especially important when
implementing educational reforms, and in the formation of a new subject which lacks identity — as in the case of
technology in Norwegian schools.

Despite the rising acknowledgement of the importance of technology in general education, research on how
teachers interpret the content, aims and objectives of technology as an educational subject are still very limited.
Some studies essentially address fields of disjunction between curriculum policy and teachers’ practice (e. g.
Mittell & Penny 1997). Others have investigated how teachers respond to a task of giving a definition of what
technology as such is, statements on the relationship between technology and science, or the role of technology
in society (Rennie 1987, Zoller & Donn 1991, Jarvis & Rennie 1996)

However, it is reasonable that teachers draw upon additional and more compléx considerations than theoretical
definitions and conceptualisations of the nature of technology as such in planning and realising their technology
teaching. A more useful framework in comprehending the complexity of teachers work is offered by Barnes
(1992). Based on the work of Schén and others, he developed the concept of teachers’ professional frames.
‘Frames’ refer to clustered sets of standard expectations, or preconceptions, through which all aduits organise
their knowledge of the world and their behaviour in it. Unlike ‘knowledge’, frames are value-laden and dynamic,
and develop in relation to and in interaction with frames of colleagues, pupils, the overall school culture and
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values inherent in society more generally. Barnes suggests five domains that contain repertoires of teachers’
professional frames: preconceptions about the nature of what they are teaching, preconceptions about learning
and how it takes place, preconceptions about students that place limits upon what is thought to be useful or
possible, beliefs about priorities and constraints inherent in the professional and institutional context and finally
the nature of his or her overall commitment to teaching. Constructive collaboration requires shared or mutual
“compatible” frames. Compared with curriculum developers or administrators, teachers may have frames that
represent responses to different concerns and priorities, and consequently teachers may be unable to make use
of advice if they can only interpret it in terms of an inappropriate frame (ibid. p. 17).

In establishing a subject that lacks identity and the tacit assumptions embedded in traditions, the comprehension
of teachers as active curriculum constructors and the influence of their professional frames on the process of
establishing a new subject of teaching becomes especially important.

The research project and research methods

The presented research project explores how teachers in the TiS project perceive and realise technology as a
new subject of teaching with regard to organisation, aims and content. It also attempts to identify the influences
on their realisation of the project from factors such as the project policy, the course related to 'Design
Technology’ that the teachers attended, and the individual teachers’ educational background and professional
frames.

The research is carried out as an exploratory cross-case study using semi-structured interviews and classroom
observations. 12 teachers from 8 schools participating in the TiS project constituted the sample of the study.

Teachers were interviewed at various stages in their realisation of technology as a subject, before starting with
technology teaching, throughout their technology teaching and after having concluded periods of technology
teaching. Interviews covered a range of topics; teachers’ experience of the course they attended, how
technology is realised as a field of teaching at their school, perspectives on aims and content of technology
education in general as well as related to their own teaching, views upon the nature of technology and relation to
other subjects, and how they look upon the role and future of technology in Norwegian schools.

Data were analysed in light of perspectives on technology education found in the research literature. However,
as readymade 'typologies’ in this field were not found to be fully appropriate for interpreting the teachers’ views
and actions, analysis of data in terms of broader thematic codes was approached. Emerging categories and
perspectives were subsequently compared across cases in the search for similarities and differences.

Findings and discussion

This section presents some findings on how teachers perceived and realised technology as a subject of
teaching. Possible influences from the TiS project policy, the course they attended and the teachers’ educational
background and professional frames are also considered, partly as a presentation of two case studies.

Technology teaching associated with the TiS project is organised in a range of different ways in the participating
schools. Some offers technology as elective units, some incorporate it for all pupils as a specific part of the
subject Arts and Craft or as occasional activities in science. Some run technology teaching as cross-curricular
pupil projects in a specific period of the school year. All these organisational approaches are consistent with the
framework for compulsory education set up by the Norwegian curriculum guidelines for compulsory education.

The teachers’ lessons in technology were mainly carried out with pupils’ making of artefacts as a structuring
element. Examples of activities undertaken were constructing towers and bridges from rolled paper, moulding

' Technology teaching associated with the project is not necessarily run as a distinct 'subject’ on the school’s
timetable, as it may be integrated in existing subjects or run as cross-curricular teaching. The notion 'subject’
will still be used in a rather loose way in this paper.
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with plastics, designing and making boxes from paper, making buggies and products involving simple
electronics. Some activities did, however, deviate from the concept of making artefacts. Those included working
with Legodacta for construction tasks and investigation of how everyday technological equipment work.

The strong relation to science that the aims of the TiS project communicated was, with a few exceptions, not
absorbed in the teachers’ perceptions and realisations of technology as a subject. On the other hand, the more
implicit policy of the project was more recognised by the teachers. This agenda implies promotion of pupils’
interest in and uptake of studies in science, mathematics and technology. However, the aim of generating
interest was often interpreted as enhancing motivation for school in general. In some cases, this was essential to
such a degree that it tended to define the content of the lessons. '

Consequently, the teachers’ perceptions and realisation of technology teaching were not found to directly reflect
the aims of the project they were attending. Nor did they correspond much with the subject ‘Design &
Technology’ with its process approach and focus on designing artefacts and the communication of design
proposals by drawing. The main influence rather appeared to come from the teachers themselves, manifested
through the activities they experienced during the course they attended as part of the TiS project. These
activities were to a high degree transferred into the teachers’ own teaching. However, the transfer mainly applied
to the activities as such, not so much with regard to pedagogy, content focus and aims. The teachers realised
their technology teaching by attaching their own aims and pedagogy to the activities, a process that influenced
how content was structured, focused and communicated to the pupils.

Technology is a many-sided subject, and interfaces with several other subjects, such as science, crafts and
social science. It may appear a plausible assumption that teachers will tend to lean on their prior knowledge and
interest in related fields, and hence that their conceptualisation and construction of technology as an educational
topic will be biased towards the subjects represented in their own education and in ordinary teaching. A few
earlier studies give some indications that teachers’ background influence how they conceptualise technology and
technology teaching in interviews and questionnaires (see e. g. Jones 1997). The influence on their teaching in
praxis is, however, a different and more important matter. The results of this study of Norwegian teachers
realising technology as a subject suggest that there are totally different mechanisms at work when teachers
construct their teaching in practice than a bias towards subject identity.

The following presentation of two case studies will focus on the two teachers’ relation to science as a subject,
and how they do - or do not — incorporate science in their perceptions and realisation of technology teaching.

Constructing technology teaching: two cases

Gina and Ann are both young, female teachers with a few years of teaching experience. They live in the same
city in Norway and have attended the same courses and seminars related to the TiS project. Both teachers
taught technology teaching within their schools allocation of weekly lessons for elective units for the pupils. Their
educational background and subject identity are, however, very different and will be described below.

Gina has studied science, mathematics and computer science at a university, and holds a Master degree in
physics. She mainly teaches science and mathematics at her lower secondary school. Her background and
subject identity is reflected when Gina in an interview gives her motives for joining the TiS project. She thought
the project and the course would suit her as a physicist, and she expected it to be about mechanics, electronics
and maybe computers. She did, however, find the course she attended to be less ‘technical’ and more about
design than she expected. When reflecting upon the aims of technology teaching after having attended the
course, she states that it should give pupils insight into how things function, and how products are manufactured.
She also points to the school as being too theoretical, and that technology as a subject may give pupils a chance
* to use what they have learned in other subjects, and especially in science. She sees technology teaching as a
“golden opportunity to use science knowledge for something”. She may hence be seen as being searching for a
“tool to reinforce the relevance of science education, and as considering technology a promising candidate to
serve this purpose.
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Gina's teaching is characterised by a relaxed atmosphere and high degree of freedom for the pupils. A range of
activities was presented to them, such as the designing and making of boxes from paper, three-dimensional
drawing by use of a grid system, constructing towers from rolled sheets of paper and moulding with plastics.
Further, a series of lessons was used for taking apart old computers and printers, with the initial idea of creating
new artefacts from their components. The artefacts resulting of this teaching project were, however, sparse, but
the pupils apparently enjoyed the investigation of the inside of the electronic devices. '

During her lessons, Gina hardly made any references to science, and her emphasis on the ‘golden opportunity to
use science knowledge for something’ seems to have slipped away both in her teaching and in how she reflects
upon it afterwards. She now emphasises that technology should be something different than the usual school
subjects, and in particular science. For Gina, this difference implies the absence of a pre-defined curriculum and
textbooks, activities that are more practical, a stronger attention on the pupils’ interests and initiatives and
-above all - no grading.

The lack of science content or its ‘use’ in Gina's technology teaching may appear as being at odds with her
stated motive of reinforcing the relevance of science education. However, the two positions Gina seems to be
taking may both be interpreted as expressions of Gina's fight against a phenomenon that can be denoted as ‘the
grammar of schooling’ (Tylack & Tobin 1994). This is understood as the regular structures and rules that
organise the work of instruction including the “splintering” of knowledge into “subjects” (p. 454). Technology
teaching, with its lack of traditions and a pre-defined ‘grammar’ can hence serve as a free space where Gina and
her pupils can escape from ‘the grammar of schooling’. This interpretation is warranted by the fact that Gina
rejects the idea of establishing technology as an ‘official’ subject in Norwegian schools. She worries that the
subject then will include theory and textbooks and presumably also formal assessment and grading. Thereby,
technology will become similar to the traditional school subjects - and hence adopt the same ‘grammar of
schooling’.

Another aspect of how Gina consider her technology as 'different’ is that it does not imply any attempt to ‘deliver’
an amount of predefined knowledge to the pupils. Such a position does not, however, mean that the ‘teaching’
suffers from a lack of educational content and intentions. One important intention of her lessons is the building of
experiences. She addresses the phenomena that pupils do not obtain they used to in earlier times:

Gina:

Even if technology wasn’t a subject in school earlier, there were many who made things at home
and inkered and operated and investigated things and obtained the experiences in other ways.
But maybe they don't do that anymore, the youngsters, they sit on their backside and watch TV
and look into a pc screen and maybe do not tamper with very much. So, maybe we need to
include it in schools so that they can get some practical experiences.

As pupils lack these experiences, Gina points to the building of practical experiences as a rising responsibility of
formal education. This concern, as well as her fight against the ‘grammar of schooling’ can be seen as
expressions of Gina's professional frames as a teacher, and appear as more influential on her realisation of
technology as a subject of teaching than her educational background and subject identity are.

Ann has a different background than Gina. She holds a general teacher certificate from a college, where she
specialised in Music and Arts and Craft. She expresses her motivation for and experiences with the TiS course
in rather different ways to Gina, stressing the aesthetic aspects of the subject. The technical part made her a bit
anxious — as she said - “I have never been one who tinkers with things and... technology and stuff’. Ann also
signals an alienation from science, describing it as “a strange planet that is very big, and that | haven't really
been into!”. More specifically, she describes her personal view of physics this way:

Ann: '

Physics has been some kind of a non-subject to me. | know very little of what it is all about in a
way, as | feel it, because | have never been very much interested in physics! | never did any
courses on it in secondary school or anything.




" PROCEEDINGS OF 10" IOSTE SYMPOSIUM — July 28 - August 2, 2002 — Foz do Iguagu, Parana, Brazil

The “strange world she had never been into” was, however, not absent from Ann’s realisation of technology
teaching as an elective unit for her pupils. The main projects the pupils were undertaking were the making of a
buggy that can run by inflating and then releasing a balloon, and a ‘flashing postcard’ with two light-emitting
diodes attached to a battery. Ann’s teaching was characterised by being highly teacher-led, with low degrees of
freedom for the pupils. Ann emphasised the quality of the pupils’ products strongly, and she taught them proper
use of tools and techniques to achieve the required quality. In this concern, she also introduced and discussed
mathematical concepts and principles such as being at right angles or parallel, and the relation between those.
Scientific concepts such as friction, energy and air resistance were also highlighted. When introducing the
flashing postcard project, Ann did an introductory session on electricity, addressing the concepts current and
voltage and the principle of a closed circuit, even if this was not strictly necessary for the pupils in order to
complete the circuits as they had ready-made templates to work from.

The relatively high emphasis on concepts and principles from science in Ann’s technology teaching may be
somewhat surprising, taking her background and also her own statements made in interviews into account.
However, when Ann reflects on her technology teaching, the picture is again altered. She does not address
practical skills or proper use of equipment as a learning outcome of her teaching. Rather, her focus goes in an
-affective direction, emphasising that pupils should be proud of themselves and their products. The teaching of
practical skills functions as a means to this end. This is also found to apply to theoretical knowledge from
science and mathematics. In the sequence below, Ann maintains that she did not have a sense of teaching
physics as part of her technology teaching:

Ann A :

When | talk about buggies and light and so, then it is only related to the things | am doing and not
to the background which is physics. So | do not think that | am teaching physics, | don't. | kind of
don'’t do that, because | am kind of not able to do that! At least | believe so. | am more thinking
that | have some specific things | wish to do, and then | have to cope with what it is all about
and...

BB
To reach that goal?

Ann
Yes. So, if it is physics or if is something else, that doesn’t really bother me much!

What is essential for Ann is not to teach science or to convey its relevance in technology. It is rather to give the
pupils the opportunity to be proud of themselves, and a prerequisite for this pride is product quality — which in her
view requires knowledge and skills.

As exposed above, Gina and Ann perceived and realised technology as a subject of teaching in rather different
ways. The way they conceptualised technology, before attending the course as well as after, can be understood
in light of their educational background and subject identity. However, when realising the subject in the
classroom, their roles became opposite: Ann taught technology with a visible and essential element of science,
while Gina, the physicist, taught technology almost without any reference to science. This shows that the
teachers’ educational background and subject identity may not be decisive for how they interpret and realise a
new subject such as technology. On the contrary, the results may be interpreted as both teachers seeing
technology teaching as field where they can realise — not only technology education — but also some more
fundamental educational beliefs. To Gina, this means pupils’ autonomy, the building of experiences and an
escape from ‘the grammar of schooling’, while to Ann it means working towards high quality products in order to
promote pupils self esteem and pride.

Interpfeted within Barnes' (1992) framework of teachers' professional frames, the results may be seen as
illustrating how teachers perceive the content, aims and objectives of a new subject in terms of their professional
frames, and how their frames influence their realisation of technology as a subject of teaching. Their professional
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frames, together with constraints due to material resources and institutional settings, determine which aspects of
new educational ideas they adopt and build into their praxis. The ‘nature of what they are teaching’ (Barnes
1992) is not necessarily conceptualised as beliefs about technology as such and what pupils need to learn about
it. On the contrary, the ‘nature of what they are teaching’ is highly interpreted in terms of what the associated
activities may offer to their pupils. This may indicate that beliefs related to educational values constitute an
essential component of teachers professional’ frames, and that the influence of these beliefs on other
components is substantial. '

Conclusion

This paper has conveyed some aspects of how teachers in a Norwegian project on technology teaching perceive
and realise technology as a new subject of teaching. The official policy of the TiS project, understood as its
stated aims, was found to have limited influence on this process. However, the underlying aim of generating -
interest and motivation for technology and related subjects was found to have more resonance with the teachers’
perceptions, and this aim was also expanded to cover motivation towards school more generally.

The course the teachers attended as participants in the TiS project was, on the contrary, found to have a strong
influence on their teaching. This influence was mainly in terms of the activities they experienced and then.
transferred to their own teaching. The high degree of ‘transfer’ of the activities from the course the teachers
attended may be related to the fact that many teachers judged their principal need for support as technology
teachers to be new ideas for classroom activities. This confirms what has been earlier found to be of highest
consideration for teachers in planning their work, that is, factors associated with the teaching context more than
considerations about for example aims and purposes (Clark & Yinger 1987). This is not to imply that teachers do
not consider aims of their work as important, or that they are narrowly occupied with refilling their ‘activity
account’ consisting of a repertoire of activities with which to keep the pupils occupied. On the contrary, it shows
that teaching and its planning are in their nature highly contextualised activities, and that teaching can be directly
derived from educational principles and aims no more than technology can be derived from scientific concepts
and theories alone.

Further, the two case studies briefly reported here suggest that teachers’ educational background and subject
identity may influence the ways they conceptualise technology education, but that these are subordinated to
other concerns when it comes to realising technology teaching in praxis. In the process of realising technology
as a new subject of teaching, beliefs about pupils and education in general appear as more important facets of
teachers’ professional frames.

The specific project in which this research is carried out facilitates autonomy for the teachers and a lack of formal
constraints that may be rare in other contexts and in many countries’ educational systems. The findings in this
research may nevertheless apply in wider perspectives. It contributes to the understanding of teachers as active
agents in the process of constructing a curriculum. This understanding, though still incomplete, is of major
importance when attempting to implement educational reforms. The findings also add new aspects, the ones
seen by the teachers, to the continuing debate over content, aims and objectives of technology as part of
general education.
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m THE EVOLUTION/CREATION SCIENCE CONTROVERSY:
EDUCATE RATHER THAN DEBATE

Beverley Jane (bljane@deakin.édu.au)
Deakin University, Melbourne, Victoria, Australia

Abstract

This paper is linked to the theme History and Philosophy of Science. The evolution and creation science
controversy is now in the general public's arena and poses a challenge for school science. | begin the paper by
briefly describing the current situation concerning this issue in Australia and the United States of America. In the
subject Biology, debating controversial issues is a popular strategy with teachers. However, Roger Bybee
questions this approach. He contends that when teaching about evolution teachers should educate students
about the nature of science and develop their science inquiry abilities, rather than debating the issue.

In this paper | support this view, based on the argument that the creationism and evolution dispute is not really
about Biology or faith, but is about Biblical interpretation. A summary of the major differences between Thelstlc
Evolution and Creationism is described. Teaching about Charles Darwin in the historical context of the 19"
century is suggested as one way to assist students to develop an understanding of science as being socially
constructed.

Henri Bergson argued that the process of natural selection could not adequately explain the evolution of complex
organs such as the vertebrate eye. He believed that there is another channelling force at work called the ‘vital
impulse’. In Bergson's Creative Evolution he argues for lived time — the uniqueness of time in the lived
experience — which is duration, not the mechanistic clock time. Accordingly, | challenge the view of science
currently being taught in schools. The dilemma is that while a mechanistic view of science continues to dominate
Western thinking, the science taught in classrooms will be inadequate.

Introduction

Thinking back, | now realise that for 13 years, as a young Biology teacher in secondary schools in Victoria and
overseas in Malaysia, | taught the process of evolution as if it was the accepted view. In those days, in my
classes creationism was not discussed. To my recollection, there was only one occasion where a student
handed in an assignment that focused on ideas from Creationism' As it happened that Year 12 student failed
the assignment - not because she opposed the process of evolution - but because she heavily plagiarised work
from a well-known article. Since then my views on the nature of science have changed. | now use constructivist
teaching strategies to elicit and engage students’ prior ideas and beliefs, and realise how resistant these are to
change.

What is the current situation in Australia?

You only have to read the newspapers to be aware that the evolution and creation science® controversy is in the
public arena. Earlier this year | read Garry Linnell's well-constructed story, “God's classroom” (The Age Good
Weekend, 24/2/2001).

! Opponents to the biologists are the Creationists or fundamentalist Christians. They believe the Book of
Genesis in the Bible is the only source of information about the origin of life, including humans. Creationists
view the fossil evidence for evolution as unacceptable, believing that species cannot change (Webster, 2000).

2 The term “creation science” is used by creationists interchangeably with the term creationism, presumably to
give it more credibility.
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Linnell was horrified at the extent to which creationism was being taught in science classrooms in Australia.’
Linnell questions whether creationism has a place in the science classroom at all. He claims that in many
Christian schools creationism is being taught alongside the theory of evolution - not in the subject area of
religious education - but in science. A literature search revealed that the situation is even more pronounced in
the USA.

The debate is alive and well in the United States of America

lan Pilmer (2001) argues strongly that Creation Science is not about science or religion but is political, and stems
from a Protestant Christian Fundamentalist group in the USA.® Staver experienced the effects of the
evolution-creation controversy while on the committee responsible for writing the science standards. “A year into
the developmental process, Kansas State Board of Education (KSBE) members and the writing committee
remain engaged in a dialogue about a single issue, the presence or absence of evolution theory in the state
science standards” Staver (2001). This disagreement arises because half the KSBE members have an
understanding of the nature of science that is consistent with their fundamentalist religious views. These
members believe in a literal reading of Scripture and therefore oppose the inclusion of evolution theory in the
school curriculum.

The quandary for science educators is whether to include evolution and/or creation science in school curricula.
Brent Dalrymple (2000), Professor in the College of Oceanic and Atmospheric Sciences, Oregon State
University, questioned whether the scientific version of the history of the Earth and Universe or the creationist’s
view should be taught in public schools. He argues that science education evidence and conclusions of real
science, not pseudoscience, should be taught. He asserts that creationism is not science and therefore should
not be included in the science curriculum.

The continuing controversy between Creationism and Evolution

Before discussing further this far-reaching sociocultural controversy, it is helpful to clarify the meaning of the
term creationism. Creationism refers to the viewpoint that the literal Biblical account of creation is the correct
explanation for the origin of the Earth and its living forms, and that evolutionary theories are false. Fulljames
(1996) argues that Creationism must be carefully distinguished from the belief in God as creator because many
Christians claim that belief in God as creator is consistent with an evolutionary theory of origins.

The basic elements of Creationism are:"

» The age of Creation — the earth is approx 6,000 — 12,000 years old. :
» The Time of Creation - six days with the seventh the Sabbath day God rested.
» The mode of Creation — with God'’s ‘special’ creative acts.

According to Murray and Buffaloe (1983, p. 464) “the vast mainstream of Theistic interpretation has long ago
assimilated the concept of evolution into its faith-perspective, along with modern astronomy, the atomic theory,
and other scientific findings.” Creationism disputes the age of the Earth, claiming that it is very young, only 6,000
to 12,000 years old. Young-Earth Creationists contend that their beliefs about the origin and history of the natural
world - that they call “scientific creationism” - are just as scientific as those of real science.

¥ Modern creationism had its origins in the speculations of Christian Science founder Mary Baker Eddy and her
disciple George McCready Price (Berry, 1999).
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Figure 1 A summary of the major differences between Theistic Evolution and Creationism (Murray & Buffaloe,
1983, p. 468).

Issue ‘ Theistic Evolution Creationism

God is the sole creator of the universe —

1. Existence of God purposefully brought it into existence. 1. (Same)
2. Man bears the “image of God" — Is called
2. The Place of Man into special relationship with his creator. 2. (Same)
3. Age of the World 3. 4.5 - 4.7 billion years. 3. Not more than 10,000 years.

4, God directly created all things
in seven days or periods,
following the sequence in Genesis
l.

4. God initiated the principles of nature and
4. Mode of Creation allowed them to take a gradual, unfolding
course, which is continuing.

5. Man's biological nature emerged from 5. Man was instantaneously
5. Origin of Man more primitive origins, until he became created by God'’s direct act,

capable of bearing a spiritual nature. physically and spiritually.

6. Genesis accounts of creation are 6. Genesis accounts are to be
6. Biblical Interpretation pre-scientific literature of parable and saga, | interpreted as literal, scientific

not in competition with modern science. descriptions.

Dalrymple considers “scientific creationism an oxymoron, as it is religion pure and simple, a fact clearly
recognised by federal court rulings in both Arkansas and Louisiana ... that struck down as unconstitutional the
‘equal time for creationism’ laws of those states” (2000, p. 45). He contends that the Creationists have no valid
data or calculations to support their claims, but rely on their interpretation of the six-day creation and global flood
4000 years ago. In contrast, there is a vast amount of scientific evidence, such as radiometric dating of rocks
and star dates, that tell us the Earth and Solar System are approximately 4.54 billion years old.

Biblical Interpretation

Murray and Buffaloe (1983) see the major thrust of Creationists is a questioning of the validity of evidence
(supplied by various areas in science) for evolution. This questioning comes from a theological bias that is based
on a literal interpretation of the Genesis account of creation.

Antony Campbell (1997) from the Jesuit Theological College in Melbourne argues against claims that
creationism takes the Bible literally on the grounds that there are numerous portrayals of creation in the Bible
with the most familiar being in Genesis 1 and 2.

Scripture the big three images of the creator God are:

« the mighty fighter (Psalm 74 (vv 13-14, 16-17) and 89 (w 9-12), Job 7:12, 9:13-14, 26:6-11, 12-14; 38-41),
Isaiah 51:9-11); '

« the co-operative artist (God of Genesis 2 — 2:7, 19); and

« the majestic proclaimer (Genesis 1 — 1:3, 1: 11, 24-25).

Creationists would not agree with the picture of creation by combat with the God of Israel and the forces of
chaos. Campbell considers literalism to be a red herring in creation issues. “Creationism is not supported by the
biblical text. The biblical text itself is the best evidence for that” (Campbell, 1997, p. 31). The central issue then is
about Biblical interpretation, making the two viewpoints irreconcilable. The Institute for the Study of Christianity in
an Age of Science and Technology (Vic) holds the following view on scientific accounts of origins:
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The principal reason that biological evolution, together with theories of cosmic origins of the
universe and geological origins of the earth, are held to be incompatible with Scripture is
defective hermeneutical method in the approach to Scripture. Meanings are read into the literary
form of Scripture, which are beyond the apparent intent of the passages concerned. (ISCAST,
“discussion paper, http://www.iscast.org.au/papers)

The ‘days’ in Genesis 1 can be interpreted as 24-hour periods. However, exegetically days could be representations
of long periods of time. “God resting” on day seven could indicate rhythm in God's pattern for Creation.

How does the nature of science differ from creationism?

It is generally accepted that science is socially constructed. Ben Selinger, emeritus professor of chemistry at ANU,
contends that “ science offers us a reliable, testable and repeatable process for making decisions, using the best
available information as a basis” (2001, p.115). Repeatable evidence, gained through observation, measurement,
experimentation, calculation and deduction, is what underpins science. Such evidence is transparent to an
international scientific community and is out there available for all to evaluate. When new evidence is discovered,
explanations change and these may disprove the scientific theory, giving rise to a new theory. In this way a
scientific theory is the best explanation at a given time that accounts for the evidence available On the other hand
‘Creation science’ requires an untestable supernatural being, and hence is not science. “Creationism first starts
with an untestable conclusion and then trawls for evidence” (Pilmer, 2001, p. 36).

Approaches to teaching evolution

Science educators take a variety of approaches to addressing the classroom implications of the conflict between
creationism and evolution. “Some take on a crusading spirit and try to expurgate all mention of religious notions
from the science classroom in the name of the higher principle of naturalistic explanation” (Jackson et al., 1995,
p. 588). Others encourage teachers to use the controversial issue by explicitly raising and then critically
examining ‘creation science’ arguments in class to provide an interesting counter example to a scientific theory.

A third group push for allowing alternative views to emerge in less structured peer discussions. This context
arouses less anxiety about the theory of evolution as an example of scientific knowledge.

Teaching the nature of science rather than debating the controversial issue

Teaching about science will require the teaching of theories such as biological evolution. However, Roger Bybee
believes that evolution is not taught well in schools. He suggests that science teachers should not debate
creationists. Instead they should assist students to better understand and appreciate science as a way of
explaining the natural world. He recommends the teaching of the relationships between the scientific processes
and the structure and development of a theory like evolution. Teachers could encourage students to reflect on
the nature of current scientific knowledge, and how the scientists come to know what they do about nature. This
view flies in the face of many science textbooks that describe science as a body of knowledge rather than ‘one
way of knowing'. Bybee also argues that often science is taught as a systematic method or as a process
involving skills such as observing, hypothesising and inferring. Both perspectives leave students uncertain about
the human endeavour called science. It would be more helpful to teach about the nature of science and
incorporate inquiry in school science curricula.

In agreement with this view, within the context of Northern Ireland, is the research by Francis and Greer who
identified the conditions that allowed students to develop positive attitudes towards both Science and Christianity.

These cogditions include an understanding of the nature of science, which questions the claim of
scientism™ and an understanding of the Christian faith, which questions the literal authority of the
genesis creation narratives. Both positions being highly consistent with the accepted trends

4 Scientism is-the view that scientific theories can attain absolute truth and that only science is of value in
explaining phenomena.
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within the philosophy of science and within the critical traditions of Christian theology should be
presented as intellectually viable options within the curriculum of science education and religious
education. (Francis & Greer, 2001, p. 50)

Why teach about Darwin as the reluctant revolutionary?

For 20 years Charles Darwin kept his controversial idea about the natural order, collecting a vast amount of
evidence before going public with his idea. He did this because he knew that his views relating to human
evolution could be damaging to the understanding of the nature of human kind. Teaching about Darwin in the
historical context of the 19" century means that students will better understand that science is a human
endeavour, which is socially constructed. As a young man Darwin sailed the world; a naturalist on a small Royal
Navy ship HMS Beagle. He collected insects, wrote natural history books, fathered ten children, and was an
invalid for 40 of his 73 years. Darwin’s view of evolution by the process of natural selection can be engaging for
students when stories are told about Darwin’s life. For example “as a boy, he once found two beetles under
some bark and grabbed one in each hand. Then he spied a third. Not wanting to miss it, he put the beetle in his
right hand into his mouth and picked up the newcomer. The beetle in his mouth then stung the collector, forcing
him to spit it out” (Thwaites, 2001).

Teachers could choose to combine stories of his life with the story of the conflict Darwin's ideas stirred up at the
‘Oxford Meeting’ of the British Association in 1860. Bishop Samual Wilberforce and T. H. Huxley represented the
differing sides of the conflict.

“The bishop made a bad start for the creationist camp by using more rhetoric than reason (Richardson, 1999, p.
18). Hal Hellman'’s (1998) account in his chapter ‘Darwin’s Bulldog versus Soapy Sam’ is a lively description of
the evolution war going on at that time. Wilberforce opposed evolution because it legitimised the notion of
change in the Divine order. Darwin’s reaction to his attackers was anguish, and his deeply religious wife became
distressed when the religious establishment went against her husband. Although Darwin made no mention of a
Creator in the first edition of the Origin of Species in the second edition soon after, he made the change to
“having been initially breathed by the Creator into a few forms or into one” (Heliman, 1998). Many religious
people can accept the ideas of evolution and natural selection, but also keep the belief that God is there, most
probably at the beginning. God created the universe out of chaos. Although R. A. Fisher initiated the
neo-Darwinian synthesis in the 1920s through his work on the effects of gene substitution and the evolution of
dominance, it was not generally accepted until the late 1940s.

Bergson’s Creative Evolution

Evolution, the emergence of higher species including human beings, was said to be the by-product of physical
processes in nature over geologic millennia. However, “this explanation was not adequate for Henri Bergson
because it did not provide a satisfactory explanation of evolution itself, and did not account for human
consciousness and the lived experience. Some other force - not merely mechanical - must have been at work”
(Boorstin, 1998, p. 246). In his book Creative Evolution (1911; French edition, L'Evolution Creatrice, 1907)
Bergson outlined his own vitalist view. Bergson received the Nobel Prize for literature in 1928. Bergson argued
that the process of natural selection operating on random variations could not explain the evolution of a complex
organ like the eye of vertebrates. There must be another channelling force at work, that he called ‘vital impulse’.
Bergson's idea of lived time — the uniqueness of time in the lived experience - was duration, not the mechanistic
clock time. He used the metaphor of the cinema — a succession of changed images seen in rapid succession —
to explain both the making of ‘the mechanistic illusion’ and the need for the idea of duration. For Bergson life
could only be known by bathing in the full stream of experience. “Consciousness corresponds exactly to the
living being’s power of choice, it is coextensive with the fringe of possible action that surrounds the real action:
consciousness is synonymous with invention and with freedom” (Bergson, cited in Boorstin, p, 250).

In the Liberation of Life ecology and evolution are considered to belong together, and evolution is described as a
continuous process. “The actual process of evolution cannot be understood apart from the purposive behaviour
of the animals that are evolving” (Birch & Cobb, Jr, 1981, p. 64).
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Conclusion
In this paper | have argued against debating the controversial issue of evolution versus creationism in science
classrooms on the grounds that the two viéws are irreconcilable. Rather, teachers should educate students
about the nature of science and develop their science inquiry abilities. The dilemma is that while a mechanistic
view of science continues to dominate Western thinking, the science taught in schools will be inadequate.
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TOWARDS LEARNER-CENTRED APPROACH IN SENIOR
e SECONDARY SCHOOL SCIENCE LESSONS

Yandila, C.D., Komane, S. S. & Moganane, Sv

Department of Mathematics and Science Education
University of Botswana

Abstract

Whenever a new syllabus is introduced in an educational system, it introduces a number of new features, such
as aims, goals and objectives, content, teaching method and teaching orientation and, assessment strategies. It
also has resource implications. This was the case with the introduction of Botswana General Certificate
Secondary Education (BGCSE) science syllabi in 1997. The purpose of this study was to find out the extent to
which the learner-centred approach in BGCSE syllabi was being implemented in the senior secondary school
science lessons.

From a population of 27 senior secondary schools in Botswana, the study was carried out in 18 schools. In each
school a sample of 3 science classes was selected. With prior arrangements with each teacher, a 40-80 minutes
lesson was video-recorded and later analysed. The results of the study showed that most science teachers do
not implement the recommended teaching orientation, teaching methods and assessment procedures.

Introduction

The orientation of the traditional teaching that characterised the old Cambridge Overseas School Certificate
(COSC) science syllabus in colonial and post-colonial Africa was mainly teacher-centred. Its major emphasis
was to provide learners with assumed body of knowledge deemed necessary pre-requisite for tertiary education
and technical fields. For this reason, it was assumed that the most effective way of passing on the knowledge to
learners was by lecture method in which teachers played the central role of the learning /teaching process. In a
way the teaching approach was said to be teacher-centred. So a typical science lesson was dominated by a
teacher-talk accompanied by a few selected demonstrations and interrupted by questions from students. The
students were passive participants and intermittently would be permitted to carry out confirmatory experiments.
Towards the end of senior secondary education, students were given opportunity to carryout practical exercises
as they prepared for the final practical examinations. This was a mockery of the whole issue of practical work in
science subjects. Teachers drilled students in carrying out practical work in preparing them for taking
examinations. One wonders whether students ever benefited from such practical work, as they would soon
forget the process sKills after taking the examinations. This lack of mastery of process skills was reflected in
students’ failure to handle simple equipment in first year science courses at university and college levels of
education. Most first year students failed to handle sophisticated microscopes; electron balances and to prepare
molar solutions.

In the Old COSC, secondary school students did not acquire the process skills of observation, interpretation,
investigation, measurement, hypothesis, raising questions-considered necessary component of science. Nor
were they involved in planning their own experiments and testing hypotheses. They were deprived of the
creativity, inquiry, problem solving and several other scientific skills that characterise scientific enterprise. It was
assumed that such skills would be acquired at tertiary level of education, a serious mistake because not many
school leavers take science professions or careers, yet they need the same skills for survival in life.

In Botswana as in most independent African countries, the desire to change the colonial school syllabi was
expressed soon after obtaining independence in 1966 (Republic of Botswana, 1977, 1993, 1994). The change in
the syllabi was comprehensive including the philosophy, rationale, programme features, programme aims and
objectives, programme content and structure, teaching methods and orientation and assessment. The change
was made in stages, the Pure Science (Biology, Chemistry, Physics) was introduced in 1997 and Single Science
and Double Science in 2000 (Yandila, 1999). Each of these three types of syllabi insists on learner-centred
teaching approach as stipulated in the Curriculum Blueprint (1997).
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The new syllabi involve emphasising science process skills, problem solving skills, and the acquisition of
hands-on experience that should increase the performance of all groups of different student abilities. The syllabi
also stipulate that teachers should use a learner-centred approach of teaching by using a variety of methods
including demonstration, practical work, field trips etc. In order to facilitate a learner-centred approach there
should be pre-planning of activities and adequate working space. The syllabi also stipulate that teaching
methods should expose learners to practical applications of science in everyday life. Local environment should
be used to provide context to the syllabus. Teachers should present science in an interesting and challenging
way that should popularise it and encourage learner to opt to pursue science and science-related careers
(Senior Secondary School Science Syllabus, 1997 p.iii).

The new syllabi also insist that students should be actively involved in learner-centered practical work that
emphasizes the process skills of using and organizing techniques, apparatus and materials, observing,
measuring and recording, handling experimental observations and data and planning investigations. These skills
transcend every topic in each syllabus and are to be assessed throughout the course and examined in the final
practical examinations. It is therefore, assumed that students will need these skills wherever they go-science
fields, technology, industry or as common citizens.

Definition of Learner-centred Approach

Scholars have defined learner-centeredness in a number of ways. For example, McCombs and Whisler (1997),
define it as a perspective that couples a focus on individual learners with a focus on learning. Focusing on
individual learners implies looking at their heredity, experiences, perspectives, backgrounds, talents, interest,
capacity and needs. Over the years, education psychologists and educators have acknowledged the individuality
of every learner, their learning styles and multiple intelligence (Piaget, 1956; Slavin, 1994; Vygotsky, 1978, 1987,
Visser, 1993; Armstrong, 1994). They have argued that the most meaningful learning takes place in children if
the learning environment encourages self-motivated and self-driven learning. To McCombs & Whisler (1997),
learning is associated with the best available knowledge about learning and how it occurs and about teaching
practices that are most effective in promoting the highest levels of motivation, learning and achievement.

Purpose of the Study
Now that the learner-centered approach has been introduced in Botswana schools, some question are; To what
extent is this learner-centered approach being followed by science teachers in classes? Do teachers experience
problems when they implement this new approach? Do students accept the learner-centered approach? And do
they learn more effectively through this approach? Do teachers teach the prescribed processes of science
through learner-centered approach? The purpose of this study was to find out the extent to which the
learner-centered approach was being implemented using the four major process skills in the senior secondary
school science lessons. Answers to the following questions were sought from the study:
1. To what extent are science teachers teaching the new science syllabi as stipulated in the Curriculum
Blueprint and syllabi themselves?
What type of lesson orientation is taking place in the class?
What evidence of adequate pre-planning for learner-centered approach activities is shown in the class?
What kind of evidence that mixed-ability teaching is taking place in the lesson?
What forms of differentiated teaching/learning approaches are science teachers employing in the lessons?
Do teachers use a variety of teaching methods in the course the lesson?
Is there evidence of increased participation of all groups of learners in the lesson?
Do teachers make effort to inculcate the following recommended processes skills in students:

* planning investigations?

« using and organizing apparatus and materials,

* Collecting data

« handling experimental observations and data
9. Do the teachers carry out demonstrations before allowing students to carry out their own group or individual

practical work?

10. Do teachers effectively use a variety of teaching aids in their lessons?
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Significance of the Study
It is hoped that the results of this study will be helpful in a number of ways:

1. To provide useful information for the preparation of pre-service teachers for teaching practice exercise.
To serve as a basis for comprehensive investigation to redress problems in the implementing the new
science syllabi.

3. To provide empirical basis for guiding the revision of the new science syllabi.

4. The videotapes themselves would be a rich source of exemplary lessons to be used in pre- service and
in-service science teacher education.

Research Design

This was a case study looking for actual implementation of the new syllabus in a particular science class. Itis a
non-participant observation using a video camera to collect data. Several researchers have developed different
instruments to record classroom observations including Flander (1970), Simon and Boyer (1975), Cohen (1976),
Galton (1978), Wragg and Kerry (1978) etc. As Bell (1999) concedes, “...inspite of all the tried-and-tested
methods that have been employed by the experienced researchers over the years, there never seems to be an
example that is unique right for the particular task. Inevitably, you will find you have to adapt or devise a
completely new approach, and all new systems need careful piloting and refining in the light of experience....
You will probably need to invent your own system of shorthand symbols and these will have to be memorized.
You will need to decide how often to record what is happening (all the time? every three seconds? every five
minutes? Every twenty minutes?) and with whom (all the group? Individuals?” (P.164). In this study, video
recording took place during the entire 40-80 minute lesson duration. Trained researchers handled it.

Literature Review

A number of studies have been undertaken to determine if classroom teaching and learning activities is a correct
reflection of the syllabus prescription. These include the work by Rantabe (1992) in primary school science,
Tabulawa (1996) in Junior Secondary School Social Studies, Ramorogo (1994) in Junior Secondary School
Science and Prophet and Rowell (1993) in Junior Secondary School Integrated Science.

To the best knowledge of the investigators, only four studies have been reported in the literature since the new

science syllabi were introduced in the senior secondary schools. Yandila (1999) and Rammung (2000) carried

the first two. Yandila investigated the implementation hiccups of the new biology syllabus in selected senior

secondary schools in Botswana. The study employed a questionnaire. Respondents were asked to suggest

reasons why they were unable to successfully employ the recommended teaching methods in biology.

Forty-seven dully-completed questionnaires were returned and analyzed. Teachers cited several reasons for not

employing the recommended teaching methods and some common reasons were:

» Teaching large classes

» Having large teaching loads

» Lack of adequately trained laboratory assistants.

* Lack of exemplary teaching materials

* Inappropriate text books

» Absence of relevant teaching and learning aids.

* Lack of understanding of the breath and extent of the new topics such as biotechnology.

» Lack of incentives and reward for teaching the new biology syllabus statement.

* Feel grieved for being inadequately consulted during the design and development of the new biology
syllabus.

« Fears and misunderstanding expressed by students on the implications for sitting for core alone or core plus
extension for final examination in form 5.

» Inadequately prepared to teach the new Biology syllabus.

» |nadequately prepared to carryout continuous assessment.

» Not provided with sufficient orientation in appropriate teaching methods.
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The major disadvantage of these results was that only biology teachers in the Gaborone schools were
contacted. It was expanded in the next study carried out by Rammung (2000) whose purpose was to find out the
coursework assessment practices in the new senior secondary school Pure Science-Biology syllabus. It sought
answers to questions such as: (i) Have teachers been keeping the records of students’ performance? (ii) Do the
coursework marks predict the examination grades of students at the end of secondary education? (iii) Why
hasn't the coursework assessment been introduced in schools as stipulated in the new syllabus? The study
comprised three schools from villages around Gaborone and those selected were past and present Pure Biology
students and current Pure Biology teachers. The results showed that the new assessment method had not been
introduced as yet but efforts were being made to do so. Teachers gave different reasons for not teaching the
biology syllabus according to its recommended methods, but the common reasons were identical to those
established by Yandila (1999), presented earlier.

Yandila (2001) carried out a study to find out the extent to which senior secondary school teachers were
employing the recommended teaching methods and approaches in teaching Pure, Double and Single Sciences.
The study involved classroom observation using a checklist whose content was based on the prescribed
teaching methods and approaches. The Class Observation Checklist consisted of a fixed number of
competencies listed in the new science syllabi. It was developed by drawing information from various sources,
including the instruments used for assessing student teachers at the University of Botswana, in colleges of
education in Botswana and literature such as Walters (1993), Duminy, et al (1992). Twenty-seven competencies
were identified and placed into three major categories of Administrative, General Professional and Teaching.
Administrative competencies related to planning and managing of teaching materials and consisted of six
sub-categories. General professional competencies related to the teacher's appearance, attitudes towards
students, school authorities and response to students’ complaints about his or her treatment of them. It consisted
of three sub-categories. Teaching competencies consisted of 17 sub-categories covering a wide range of
classroom activities that the teacher and students might undertake.

The results of this study suggested that most science teachers were not following the recommended teaching
methods and teaching approaches and the majority of the lessons did not encourage a learner-centered
approach as emphasized in the Curriculum Blueprint (1997). Teachers dominated in class activities with little
student participation, except in question and answer discourse and during demonstration. Mixed ability teaching,
which encourages students with different academic abilities, was evident in some lessons. However, its absence
in 46% of all lessons was consistent with the findings in primary school and junior secondary school lessons
reported by Tabulawa (1995), Madome (1998), and Letsholo (1996).

Most teachers did not bring lesson plans, lesson notes, or a scheme of work though they were required to do so.
A variety of teaching methods including, but not limited to, inquiry, demonstration, or practical work, were not
being used on a regular basis and students were not exposed to practical applications of science in everyday
life.

In another study, Mogapi and Yandila (2001) sought to find out if: (i) senior secondary school science teachers

agreed with the suggested reasons why they did not follow the recommended teaching methods, (ii) science

departments were adequately equipped with computers for use by science teachers for computation,

record-keeping and word process, (iii) science teachers were computer literate, and (iv) science teachers

considered the proposed assessment guidelines for science practical work adequate, suitable and acceptable. A

questionnaire was sent to 81 senior secondary school science teachers in Botswana. The results showed that

senior secondary school science teachers agreed with the reasons why they did not follow the recommended

teaching methods. The reasons were:

« Teaching large classes.

« Having large teaching loads.

« Inadequately prepared to carryout continuous assessment.

* Lack of adequately trained laboratory assistants.

» Feel grieved for being inadequately consulted during the design and development of the new biology
syllabus.
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The results also showed that:
* most science departments were not adequately equipped with computers for use by science teachers for
' computation, record-keeping and word process,
* most science teachers were computer literate, and expressed desire to take up special computer courses.
» science teachers considered the proposed assessment guidelines for science practical work to be inadequate

In light of all the results presented above, it was necessary to investigate how the new science syllabi were being
taught in the classrooms. This required recording of the classroom observation by means of a video camera so
that they can be analysed thoroughly. Except in few instances, the cameral is able to capture everything
happening in a lesson.

Population and Sample _
The population of the study includes all 27 government and government- sponsored senior secondary schools in
Botswana. It is hoped that a more comprehensive report will be made after data from all the 27 schools have
been analyzed. The population consists of rural, peri-urban and urban schools; boarding day schools scattered
across the country. The study was initiated in 2001 and is expected to be completed at the end of 2002.
However, this paper is based on data that have been analyzed from 18 senior secondary schools.

In each school, three classes were selected on the basis that Forms 4 and 5 students were taking a Pure, Single
or Double Science, in 80 minute lesson being conducted in the laboratory by a confirmed science teacher in any
of the three sciences subjects. General request for permission to carry out the study was sent to all the 27
schools. Once granted, heads of science departments were contacted to identify teachers. A random sample of
teachers was selected and the teachers concerned contacted. Then the teachers were briefed about the study.
They in turn informed their classes that they would be video-recorded. Arrangements for recording were made in
terms of place and time of recording and required teaching aids and materials.

The sample consisted of 54 science teachers of whom 39 were male and 15 female. Teaching experience
ranged from 2 to 20 years. Each of the 54 classes consisted of 40 students (50% male and 50% female), with an
average of 19 years ranging from 15-21 years. Most were form 4 classes. All the lessons were recorded in
subject-specific laboratories.

Instrumentation

The classroom activities may be observed using either checklist, writing while listening, audio recording or video
recording-forms of the case study. All these methods possess some benefits and as well as costs; the teacher's
expression (eagerness, aggressiveness) as well as the student expression would be missed out in audio
recording.

A video cameral was chosen for this study because of its versatility and accuracy in capturing almost all
classroom activities. It would reveal the advantages of audio recording for later analysis and also adds a record
of body language and other useful indicators. It also gives a wealth of material that can later be used to construct
a video film that helps to effectively disseminate the results of the study. The researchers recorded the lessons
after receiving professional training in using the video camera. Training involved focusing on every possible
activity as well as the operation of the video tape recorder, its installation and manurverbilty in the class. Tape
recording was ruled out because it only records the activities that are focused on, rather than all the activities
that take place in the classroom during a lesson. Writing on paper in the classroom was also ruled out because
the researchers would not be able to note all the activities that take place in an 80-minute lesson.

The video camera was turned on at the beginning of the lesson and turned off at the end without interfering with
the normal activities of the lesson. The researchers did not talk or comment on what the students were doing
during the lesson. Teachers were briefed on what was going to take place before the recording started and were
assured that they would receive a copy of recorded videocassette at the end of the study.
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Results of the Study

The recorded lessons were analyzed involving several processes. Firstly, each videotape was transcribed
verbally in terms of what was said by the teacher students. Every activity that was undertaken by both the .
teacher and students was transcribed. After the transcription, the lessons were then analyzed descriptively in
order to provide answers to the research questions. The lessons fell into three major categories: (i)
Demonstration, (i) Laboratory, and (jii) Theoretical Presentation. Details and examples of each will be givenin a
final project report. Here below is a summary of each and overall results.

(i) Demonstration

In a demonstration lesson, the teacher introduced the topic and invited the class to come forward and observe
phenomena that he /she performed in their presence. In most cases, the teacher explained to the class each
step of the procedure he/she was following, giving reasons and stating precautions. After the demonstration,
students were asked what they observed happen. This led to a series of questions and answer session. In few
cases, one or two students were asked to repeat the demonstration. This was followed by theoretical discussion
of the underlying principles. In few cases, the students were asked to write up the demonstration as if they had
carried out. Notes were given and the lesson concluded with the giving of homework. In this case, demonstration
was an end in itself. This was commonly done in Double and Single science Lessons.

In two lessons, demonstration preceded practical work. In this case, demonstration helped students to carry out
their own experiments.

(ii) Laboratory

In a laboratory lesson the teacher gave a brief introduction and instructions on what the students were to carry
out in their investigations. In most cases, the instructions were given as handouts. In some cases, they were
written on the chalkboard. In few cases they were dictated. Students were asked to work in-groups of 3-8,
depending on the size of the class and availability of equipment. Members of the groups were asked to collect
equipment and materials from the teacher’s counter. While groups were performing the experiments, the teacher
walked around assisting them in their work, In most cases two or three members of the group performed the
procedures while others observed or recorded results. At the end of the practical work, one member of each
group reported the results and made conclusions of their experiments in front of the class. This usually provoked
some discussion, particularly if the results were inconclusive. At the end of the practical work, the teacher or
students summarized the lesson. In most cases, home work was given.

This type of lesson was common in Pure Science lessons. This is because students are required to take '
practical examinations at the end of form 5. Despite this, the lessons fell far too short in inculcating the four
major process skills of using and organising techniques, apparatus and materials, observing, measuring and
recording, handling experimental observations and data and planning Investigations. Students followed the
experimental procedures given by their teachers.

(iiij) Theoretical Presentation

The most common lesson was purely theoretical in which the teacher simply lectured to the students who took
notes. Question and answer session and some discussion were encouraged. This type of lesson was dry and
boring. The use of visual aids was minimal. A lot of notes were either dictated to students or written on the
chalkboard for them to copy.

The results showed the following trends in the 54 lessons:

1. Most of the science teachers did not employ the prescribed learner-centered approach in the senior
secondary schools science lessons. Only three experienced and expatriate teachers were employing it.

2. Most of the school laboratories were not fully equipped in terms of equipment, furniture, specimen,
apparatus, chemicals, etc.

3. Most of the school laboratories were either in disrepair or under construction, as a result, some lessons
were held in inappropriate rooms.

4. Schools did not have qualified technicians or at least laboratory assistants to manage the laboratories or
assist teachers in class. This is because the schools have not been permitted to high such calibre of people.
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5. The science teachers showed little evidence of adequately doing pre-planning for learner-centered
approach activities. They did not show any evidence of having a lesson plan in class, except for lesson
notes.

6. There was evidence of mixed-ability and differentiated learning approaches in which students took either
core or core plus extension content in Pure Sciences of Biology, Chemistry and Physics, Double Science
and Single Science. In very few cases students were allowed to work independently or in small groups.

7. Most of the science teachers did not use a variety of highly recommended teaching methods such as
inquiry, demonstration, practical work, project work, case study, field trips, discussions, computer guided
learning.

8. In most lessons, there was little evidence of increased participation in class of all groups of learners.

9. In some instances, students were being exposed to practical application of science in everyday life, through

A using the local environment and context.

10. Most of the teachers were not making effort to inculcate the recommended processes skills of using and
organizing apparatus and materials, collecting data, handling experimental observations and data, and
planning for investigation. Those who did, were very successful in achieving their objectives. :

11. Most of the teachers carried out demonstrations as an end in themselves or in preparing the students to
carry out their own group or individual practical work.

12. Most of the teachers effectively used a variety of teaching aids in their lessons. These were both
commercially and teacher-made aids.

13. The skill of asking questions and giving well-thought out answers was not belng developed in students. Most
of the questions asked by teachers and students were of low order level.

14. Most of the teachers did not provide a conducive environment for asking and answering questions during
the lesson.

15. Since BGCSE syllabi has more content than its predecessor did COSC, science teachers tended to rush
through the new syllabi, which must be completed in two years.

16. Despite the insistence of the BGCSE syllabi that hands-on type of learning be implemented, most science
teachers did not practice it.

17. Most of the science teachers were not implementing the recommended assessment procedures for course
work.

Recommendations

1. The in-service unit of the Ministry of Education, should equip science teachers in order to employ the
prescribed learner-centered approach; involving laying emphasis on the science process skills,
problem-solving skills and the acquisition of hands-on experience; teacher-centered or a mixture of the two
approaches is not being practiced in the senior secondary schools.

2. The University of Botswana should prepare student teachers in order to employ the prescribed
learner-centered approach; involving laying emphasis on the science process skills, problem-solving skills
and the acquisition of hands-on experience; teacher-centered or a mixture of the two approaches is not
being practiced in the senior secondary schools.

3. The Ministry of Education should revamp science laboratories in terms of their structures, furniture,
materials and chemicals and human resources so that teaching and learning can take place more
effectively.

4. The recorded Iessons in this study should be used in both pre- and in-service teacher training programmes
.so that they can learn from the strengths and weaknesses of other teachers.
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PROCESS SKILLS IN BOTSWANA PRIMARY SCHOOL SCIENCE LESSONS
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Abstract

The purpose of this study was to investigate whether primary school teachers in Botswana use process skills in
their teaching of science and whether pupils were able to demonstrate the acquisition of certain process skills as
they tackled various tasks. A classroom observation instrument was developed to assess aspects of process
skills of science observable in science lessons. Twenty-seven teachers participated in the study and were from
Gaborone, Ramotswa, Lobatse and Molepolole.

The results of the study showed that pupils in the lower classes used skills for learning science better than the
pupils in the upper classes learn. The results also showed that teachers adopted the traditional chalk and talk
method. The study also showed the lack of texts in the upper classes that emphasised process skills. The lack of
the references might exacerbate the problem of teaching by the lecture method. There were no guidelines on
activities that pupils can do.

Introduction

The emphasis placed on various goals of science education has changed throughout the history of science
teaching. There is time when teaching of content of science was emphasised. At other times, teaching of the
development of scientific attitudes was emphasised (Johnson, 1962; Rowe, 1976; Taiwo, 1981; Yandila, 1995).
During the past three decades, science educators have expressed concern that science teachers and curriculum
developers tend to emphasise one of these components to the detriment of others. This has resulted in a
distortion of the actual nature of the scientific enterprise (Robinson, 1965; Robinson, 1969; Carey and Stauss,
1970).

In the early 1960s there was a proliferation of new science programmes. This was a manifestation of a shift in
emphasis of teaching from content to process skills. Scientists themselves questioned whether previous school
science courses were truly representative of science (Hurd, 1969). This was the turning point from the
content-led curriculum to a process-led curriculum for science teaching.

The science education movements in the West and their activities have had a significant impact on science
teaching worldwide especially with curriculum development. Whether it is the current theme of “Science for all”
or general science, integrated science, modular science, they all have their original roots in the West (Ogunniyi,
1993).

Several studies in the West have indicated that science teachers who are proficient in process skills use
strategies that give children’s opportunities to learn those skills (Tamir and Lunetta, 1979; Wellington, 1987;
Harlen, 1985, 1990). Other studies have shown that knowledge of science processes is positively related to
student's achievement (Roth and Raychoudhury, 1993).

Africa, Botswana in particular, has not been all together inactive. The emphasis on the teaching and learning
science process skills in primary schools and teacher training colleges began in 1990. In 1989 the science panel
developed a curriculum for the Teacher Training Colleges (P.T.T.C). Qualified teachers from these colleges were
to impart process skills to their primary school students. The eight selected skills are observing, interpreting,
hypothesising, raising questions, investigating, measuring, communicating (Harlen and Russell, 1990). One
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wonders whether these process skills were effectively been implemented in Botswana? This question forms the
central concern of this study.

Science has been defined differently by different scholars. Some define it as a search for explanations of events
in nature Gagne (1965), Schwab (1962). Others define it for its facts, ideas, laws and theories Ogunniyi, (1986).
Others still define it in terms of content, processes and ethics (Yandila, 1995). Science can also be defined as
processes that relate scientific activities. Such activities include observation, classification, measurement,
prediction, hypothesising, etc. The processes of science are procedures which scientists employ in the
formulation, verification of generalisations in nature (Yandila, 1995). Process skills are scientific activities that
facilitate the meaningful understanding of ideas. Peacock (1986), pointed out that these skills help to stimulate
the development of a curious and questioning attitude so that children can begin to understand fully their
environment.

Most studies on the teaching of science have been done in the West. A few studies have been carried out in
Africa for example Ogunniyi (1984), Okebukola and Ogunniyi (1984, 1986), Harlem (1985), Prophet and Rowell
(1990), Putsoa (1992), Rantabe (1992), Madome (1998), and Thapisa (1995).

Statement of the problem

The purpose of this study was to find out if teachers employed these process skills in the classroom situation.
Specifically, the study sought answers to the following questions:

To what extent do the primary school teachers use process skills in the teaching of science in the class?
What aspects of process skills of science are observable in science lessons?

Are pupils able to demonstrate the acquisition of certain process skills as they tackle various tasks in class?
Are materials used in science classroom appropriate and adequate enough to facilitate the learning and
teaching of process skills?

PO

Focus of the Investigation

The literature reviews show that a variety of research instruments exist for assessing different perspectlves of
scientific process skills amongst, teachers, as well as pupils. Where assessments in process skills are
concerned, the range of instruments developed aimed at investigating abilities to identify different process skills.
Others focused on the application of process skills on different situations. Therefore, information about their
development can be gathered from a wide range of activities. This information can be obtained by either
observing both the teacher and the pupil when they are carrying out activities and/or developing test items that
measure the process skill. The present study was of the first type (identifying process skills). It focused on both
the teacher and the pupils, the purpose being to document the extent to which teachers used process skills in
their teaching and the extent to which the pupils exhibited them.

Procedure

This study set out to assess the extent to which the primary school teachers in Botswana were able to use
process skills in the teaching of science. A series of steps was taken, and included designing of a classroom
observation instrument and teacher's questionnaire, determining their validity and reliability, selection of the
population and sample, obtaining permission to conduct the study in the schools, classroom observation,
administration of the teacher’s questionnaire and analysis of data.

The sample of the study constituted 27 teachers and 27 classes with 38 pupils each. Five schools were
randomly selected and in each school two classes were also randomly selected. The school selection process
was to achieve a sample that would be representative of all school types. That is new and old, large and small
schools existing in the country. The total sample constituted of 27 teachers and 27 classes each with 38 pupils.

There being no appropriate instrument, two instruments were constructed by the investigators and used for the
study: (a) A classroom observation technique schedule and (b) Teacher's questionnaire. Both instruments were
developed and validated to suit the kind of study undertaken. Both instruments sought to answer the four
research questions for the study.
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Classroom Observation Instrument

The classroom observation instrument comprised seven skills to be observed. They consisted of observation,
interpretation, investigation, measurement, hypothesis, raising questions and recording/communication. Each
skill was divided into five sub-skills. These skills were assessed by observation during science activities. The
instrument was a modification of Flander's (1970) interaction analysis. Flander’s interaction analysis is a
systematic approach to analyse verbal classroom interaction in three-second unit intervals. The instrument is
confined to only verbal behaviours that form the two categories that make up the instrument as (a) teacher's
verbal behaviour and (b) student's verbal behaviour. Flander's interaction analysis instrument lacks the
non-verbal aspects that are crucial in practical science activities. The instrument was modified to suit the present
study by creating components of the instrument as sub-skills to be observed. During observation certain
activities (making tallies) were ticked every minute they occurred during the lesson.

Teacher’s Questionnaire

The teacher’s questionnaire was designed to find information to answer the research question number four that
is “Are the materials used in classroom appropriate and adequate to facilitate the learning and teaching of
process skills?” Which could not be answered by the use of a classroom observation instrument. It also sought
some demographic information and methods used in teaching science.

Validity and Reliability of Questionnaire and Classroom Observation Instrument

A panel of science educators in the Department of Mathematics and Science Education of the University of
Botswana was asked to view the instruments, and find out if they were liable to collect data of the study. Some
modifications were made. A pilot study was conducted to determine the reliability of the instrument. Four
teachers from the two primary schools and about 120 pupils were used. The purpose was to determine if items
on the classroom observation instrument and the questionnaire could be used.

Data collection and analysis procedure

Permission to carry out the study in the selected schools was sought from the Regional Education Officer of the
Ministry of Education, and was granted. After the permission was granted, contacts were made with the heads of
schools for the sake of making observations at the scheduled dates. Individual teachers were observed and all
pupils in their classrooms. The lessons observed lasted for 30 minutes each. All the lessons were in the
morning. The questionnaire was distributed to the various teachers observed. Each observation and
questionnaire sheet was coded according to the name of the school and district. The frequency counts were also
converted to percentages.

Results and Discussion

The results of the present study are organised and presented in four sections. The first section deals with
comparisons of major process skills. The second section deals with comparisons within each skill. The third
section deals with comparisons of major process skills by type of class (upper or lower). The fourth section deals
with the analysis from questionnaire responses.

The data are presented in frequencies and percentages and additional information about the questionnaire
responses is presented in a descriptive form. For ease of interpretation and presentation of data, the different
aspects of skills were analysed per skill. Then the comparison was later made for all the skills. This was done to
map out the difficulty levels of each skill from the pupil's point of view. In the following tables, the letters in the
key represent the skills indicated.

1. Comparison of Major Process Skills

This section deals with the descriptive analysis of the seven major process skills, namely observation,
interpretation, investigation, measurement, hypothesis, raising questions and communication. The occurrences
are for each activity for each observation and for each skill as shown. As the table is examined, the mean
percentage of the skills of observation is highest while the skills of recording and communication ranked second
highest. The results indicated that the teachers used the skill of observation by the magnitude of 31.9% followed
by the skill of recording and communication with 26.7%. More aspects of the skill of communication are hidden
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behind the skill of observation where more talking was done between teachers and pupils as lessons

progressed.

The skill of investigation followed with 20%. This skill dominated most of the upper classes as pupils carried out
some experiments. The lower class's performance in the skill of investigation was low as compared to the upper
classes, because pupil's manipulative skills are less developed and they could not think rationally. The skill of
hypothesising was used by 7.8% magnitude, measurement 6.5% Interpretation 5.9% and Raising questions by
0.6%. This was the least skill used by pupils because only one teacher encouraged the pupils to ask questions.

Table 1: A Comparison of Acquisition of Science Process Skills.

PROCESS SKILLS Frequency %
OBSERVATION
1. Features using senses 265 10.6
2. Notice details of objects 119 4.7
3. Focus on observations 130 5.2
4. Notice differences 175 7.0
5. Notice similarities 110 4.4
SUB TOTAL 799 31.9
INTERPRETATION
1. Associating a factor with another 104 41
2. Interpret available data K} 1.2
3. Check interpretation against new data 5 0.2
4. Interpretation on relationship 5 0.2
5. Justify prediction on investigation 5 0.2
SUB TOTAL 150 5.9
PROCESS SKILL
INVESTIGATION
1. Initial actions relevant to investigation 95 3.8
2. Carrying out manipulation 195 7.8
3. Identifying variable measured 130 52
4. Select and use measuring instrument 25 1.0
5. Working with appropriate precision 25 22
SUB TOTAL 500 20.0
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MEASUREMENT
1. Comparison (using non- standard unit) 28 1.1
2. Comparison (standard -- unit used , ' - 56 2.2
3. Select measuring unit _ 26 1.0
4. Measurement of relevant variable ; ' 10 0.4
5. Improve accuracy by repeating measure 4 1.8
SUB TOTAL | 166 6.5
HYPOTHESIS
1. Mention relevant features for explanation _ 105 » 4.2
2. Explanation: Scientific knowledge 50 2.0
3. Application of previous knowledge 35 1.4
4. Tentative nature of explanation 0 A : 0.0
5. Concept/skills for designing investigations 5 0.2
SUB TOTAL 195 7.8
RAISING QUESTIONS
1. Ask any questions : 15 0.6
2. Question in the form to be investigated 0 0.0
3. Scientific Skill/Simple question 0 0.0
4. Answered by investigation 0 0.0
5. Reformulating of a question 0 0.0
SUB TOTAL 15 0.6
| PROCESS SKILL
RECORDING/COMMUNICATION
1. Talking, Listening/Writing ideas 501 20.1
2. Making note of observation 110 4.4
3. Using charts conveying information 35 1.4
4. Choosing charts to convey information ' 15 0.2
5. Providihg written account 5 0.2
SuB TOTAL 666 26.7
GRAND TOTAL - 2491 100%

2. Comparisons Within each Skills

The aspect of features using all senses was rated the highest of all the five aspects of the skill of observation at
10.6%, followed by notice of differences’ 7.0% and least being notice of differences’ 4.4%, a point observed by
Harlen et all 1989. This indicates that pupils have a problem in identifying similarities between objects as they
make observations when they tackle various activities.
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The above mentioned is akin to the lecture method, which dominated most of the upper classes. Teacher-talk
method confined pupils to observing and listening passively without engaging in activities that is what science
lessons should be like. The contention here is not an outright rejection of the lecture method. It is a useful
method that could provide the necessary theory to practical activities. A collaboration of a variety of methods is
necessary for effective teaching because not all students learn equally through the same strategy. Aspects of .
this skill of observation were also found to be interwoven in other skills, because almost any scientific activity
begins with “observation” and so it is an integral part of the other process skills (Harlen, 1992).

The first aspect of associating a factor with other is the dominant one in the skill of interpretation. The rest are
really not significant since they were rated at 0.2% magnitude. Pupils were able to associate factors, and failed
to find relationship, interpret available data and new data. The skill proved to be of a high order level of thinking
to pupils, since it could not be used fully.

The second aspect of carrying out the manipulation of objects of the investigation was the highest used by 7.8%.
This indicates that pupils found it easy to manipulate objects as they tackled various activities assigned by
teachers. The fourth aspect that is select and uses measuring instruments was attained least at 1.0% of all the
five aspects. This indicates difficulty in selecting appropriate instrument too. The instruments used in
investigation were only those selected by the teacher, which also reflects teacher dominance on science
lessons. '

The measurement skill was lowly used at 6.5% magnitude. All aspects demonstrated, ranged among 0% - 2%.
The best that is measuring using standard unit was 2.2%. The third aspect that is selecting measuring
instrument was 1.0%, which indicates that pupils have problems of selecting instrument on their own, is very
synonymous with the previous skill, where pupils could not select instruments to investigate.

The first aspect of mentioning relevant features in an attempt to explain idea was highly rated at 4.2%. The rest
were difficult for the pupils since they could not be used as pupils tackled the science activities. Pupils could only
mention the features and could not explain or reason scientifically. One explanation of such a behaviour is that
the methods adopted by teachers when teaching science are such that pupils are offered few changes to show
initiative or even a speculative thinking.

Raising questions was the least use skill. Just one teacher encouraged pupils to ask questions, but even then
pupils could not ask questions that could be answered by investigation. This would probably be the most
dominant skill because its first aspect of talking, listening and writing ideas was hidden in the other skill of
observation, where talking and listening was dominant. This first aspect was rated 20.1% that shows teacher
dominance of the classroom lessons, where children are passively listening and writing notes without
questioning. These results agree with those in the study of Tawana and Yandila (2001). The study revealed that
(i) pupils and teachers were aware of the problems associated with asking and answering questions, (ii) most
pupils had difficulties to communicate in English, (iii) both pupils and teachers tended to ask low-order questions,
and (iv) most pupils were not encouraged by their parents to develop communication skills.

The data reveals that the first and the second aspect in each skill were utilised most. In most cases the last three
aspects were least used. This shows a low level of sophistication when going down and very easy aspects at the
top that creates a hierarchy level in the acquisition of skills.

3. Comparison of major process skills by type of class (upper or lower)

Table 2 indicates a comparison of skill performances in the lower-classes (Standards 1-4) and in the upper
classes (Standard 7). This table reveals the dominance of the lecture method by teachers in the upper classes
and the learner-centredness adopted in the lower classes. Pupils reveal this in the percentage acquisition of
skills in the lower classes as compared to the upper classes. The results revealed that skills were incorporated
most in the lower group than in the upper group. Teachers in the upper classes tend to lecture, and give notes to
the pupils, most of the time. Pupils too, tended to respond either by answering recall questions or listening
passively.
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Although this kind of results is not expected in a normal science lesson, they have been found in many studies.
For example Ogunniyi (1984) found that the teacher dominated verbal behaviour in science lessons. Students in
the lower classes performed better than the upper classes because they were engaged in science activities and
thus exposed to “hands-on” experience. Rantabe (1992) also fond the dominance of teachers in science
lessons. Likewise, Maluke, Modise and Yandila (2001) found that, despite the insistence on learner-centredness
of the new syllabus, teacher dominated in senior secondary school science lessons. Students were almost
passive, except in few instances. :

Pupils’ observational and experimental skills can be greatly enhanced when they have the opportunity to interact
with the teacher and the materials in a non-threatening way. Where teachers dominate, learning is reduced to
rote activities.

Table 2: A comparison of skill acquisition between the lower classes (Standard 1-4) and the upper classes
(Standard 5-7).

SKILL Lower Classes Upper Classes Total Counts
Counts Percentage Counts Percentage
Observation 539 67 260 325 799
Interpretation 130 86.3 20 13 150
Investigation 245 49 255 51 500
Measurement 105 63.2 61 36.7 166
Hypothesis 120 61.5 75 384 195
Raising 0 0 15 100 15
Questions 380 57 241 36.1 666

Key: Questions* Recording/Communication

One is compelled to think that hypothesis is a more challenging skill, and expect the upper classes to perform
better in it. The results above revealed that the lower classes still excel in the skill of hypothesising, a point
observed by Le Butt (1992);

.. Even in the third grade students can for example, hypothesize how much their plants will grow
and then check the hypothesis several weeks (p.14).

The overall result in this study indicates that the process skills are used in the teaching of science in the Botswana
Primary Schools. Even, then, the trend or extent of usage differs between the lower and upper classes. The lower
classes were engaged in activities where they exhibited the skills, as they manipulated objects. The upper classes
were taught by the lecture method. And, most of the time, the pupils did not participate except to listen passively.
This makes science lessons boring and not exciting as they are intended to be.

4. Analysis of questionnaire Responses

The fourth section deals with the analysis of the questionnaire responses from teachers. The questionnaire sought
to find out the methods used by the teachers when teaching science. This would help to tell the extent to which the
primary school teachers used process skills in the teaching of science. The other thing the questionnaire sought to
find was whether teaching materials were available and enough to facilitate the learning of science. Information on
teaching methods, reasons for liking science and the availability of teaching materials are presented as teachers
gave it. The demographic information was used to describe the population and sample.

All the 27 teachers responded to the questionnaire stated that the schools had enough materials to be used for
science experiment in each of their schools. Despite the availability of teaching materials in schools, upper
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class-teachers still preferred to use the lecture method, much more than the other methods. One is tempted to
argue that perhaps the lecture method was adopted as a way to cover the syllabi in the shortest time possible in
order to prepare pupils for national examinations. Some teachers thought that the lecture method was adopted
to avoid unnecessary interruptions and noises that could incur through group work when pupils are engaged in
experiments.

The most common reference books available in schools were “Break through to science” by Sylvia'Witt (1989) and
“Macmillan science for primary school” by Nicholson (1989). The former was used in all schools in lower standards
and the latter by upper standards. Some schools did not have this. There were a few cases where teachers
referred to only to the syllabus and their notebooks. Some teachers expressed that they did not know how to use
textbooks, especially the new one on “Breakthrough to science” while the latter was used in the upper classes.

Question number five sought to find out which method was employed most by teachers. Almost all, teachers
claimed that they used the inquiry method, which encourages process skill attainment. This was contrary to what
was observed in class. And unfortunately no teacher mentioned that they used the lecture method. Teachers find
it difficult to adopt new strategies in their teaching. Hence they stick to the traditional method of teaching which is
talk and chalk or the lecture method despite the weakness of that method of teaching. Indeed the new science
curricular invariably demands a more pragmatic approach than the usual teacher dominated lesson. Six teachers
indicated that they incorporated process skills in their teaching of science.

Out of 27 teachers, two denied being trained in the method they used in class. The rest admitted that they were

trained in the method they used. This indicated that Teacher Training Colleges trained teachers to use scientific

method of teaching science. The reason teachers preferred to use the lecture method to others could not be due
to lack of exposure in their training.

Only one teacher indicated that she had attended a workshop on the teaching of science. The rest had not
attended a workshop on the teaching of science that is after training, there has never been any inservice
whatsoever. This might be lack of personnel forum such workshops, time, and financial constraints.

Table 3 shows the reasons given by teachers, on “Why science lessons are meaningful and enjoyable?” These
are ranked sequentially according to the most frequent.

Table 3: Analysis have reasons, “why science lessons are meaningful and enjoyable.”

REASONS %
1. Pupils do what they already know from the environment 14.5
2. Science teaches pupils important skills. - 12.9
3. Pupils are encouraged by reaching conclusion as they carryout experiments 12.9
4, In most science lessons, pupils make experiments. 12.9
5. Science helps pupils solve simple practical problems. 9.7
6. Pupils use all their five- (5) senses when studying science. 4.8
7. Pupils observe things and think for themselves. 3.2
8. Science promotes the skills of life. 3.2
9. Science is a child-centered subject. 3.2
10. | Pupils understand most when doing science. 3.2
11. " | Science develops pupil's manipulative skills. 1.6
12. | Pupils are aware of how science correlates with other subjects 1.6
13. | Pupils share ideas as they tackle various tasks. 1.6
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From the above reasons, it could be concluded that teachers have some ideas the nature of science. That is,
science is about practical skills in the environment. From the responses of teachers it can be argued that
teachers are aware that science is a child-centred subject, even though in practice it is teacher-centred.

Conclusion

The primary aim of the study was to investigate whether primary school teachers in Botswana use process skills
in their teaching of science, and whether pupils were able to demonstrate the acquisition of certain process skills
as they tackled various tasks. With this aim in mind, a classroom observation instrument was developed to
assess aspects of process skills of science observable in science lessons. Twenty-seven teachers participated
in the study and were from Gaborone, Ramotswa, Lobatse and Molepolole.

An analysis of the results shows that pupils in the lower classes used skills for learning science better than the
pupils in the upper classes learn. One is obliged to argue that the pupils in the lower classes did not only acquire
skill but also enjoyed their lessons. This shows that pupils’ involvement somehow determines their interest and
motivation in the lesson. The results also reflected a view of learning in the upper classes in which the teachers
adopted the traditional chalk and talk method. In this kind of situation the teacher is the initiator of knowledge
while the pupils are passive recipients. These results are similar to the studies carried out within the Botswana
primary and secondary schools by Rammung (2000), Rantabe (1992), Maluke, Modise and Yandila (2001),
Tawana (2001), Mogapi and Yandila (2001). It is sad that despite claims of change in teaching orientation in the
new syllabuses at both primary and secondary school level, teaching is still teacher-dominated.

Implication of the study :

The outcome of the study has revealed that though the process skills are used in the teaching of science, some
of their aspects are not fully utilised. For example, the study revealed that children’s observation skills are
underused; children are capable of seeing detail and detecting sequences in events, but fail to notice these
things unless they are brought to their attention.

Observation is an important means by which we gather information about the world around us. Therefore,
teachers need to develop this skill amongst children so that they can effectively learn directly from the objects
and materials around them. Concerning the skill of hypothesising the results revealed the tendency of pupils not
to continue any further than stating relevant ideas or procedures, without describing, justifying or explaining the
relationship between the scientific ideas and the event. One is compelled to think that this was because
hypothesising is a higher order skill, but despite this fact, Putsoa (1992) found the same observation in
Swaziland working with high school leavers.

Raising questions was the least use skill. The low performance in this skill indicated that pupils were not
encouraged to ask questions by their teachers, because children learn their question asking habits from
teachers, If there are to be encouraged to raise questions, then teachers must make an effort to ask questions.
The general performance throughout the seven process skills indicated that the majority of the pupils were
unable to demonstrate ability for rational thinking. Therefore teachers need to provide a climate of inquiry in their
classrooms for children to work in (Harlen et. al 1985). It is hoped that teachers would give more emphasis to
skills that stimulate thinking of a higher order level among learners.

Although this study was carried out among the 1991 and 1993 Primary Teacher graduates, the trend of teaching
could still be the same with teachers with ore experience. This view is held because there has not been any
report on efforts to change existing teaching and learning styles in local schools. Workshops on new methods of
teaching would help improve the situation.

Recommendations
From the results of the present study, the following recommendations are made.

1. Science teaching-learning situations can be improved if teachers exhibit all the lesson activities in a
balanced way, incorporating all skills rather than emphasising only a few skills at the expense of others.
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2. Pupils should be given chance to have practical experience in the science lessons in order to acquire skills .
in handling apparatus and to conduct experimental investigations.

3. Pupils should be highly involved in classroom activities.

4. The Curriculum Development Unit should mount workshops for in-service teachers to up-date them on the
teaching of science through process skills.

5. The workshops would also help teachers in the usage of new textbooks in conjunction with the new
syllabuses

6. All classes (lower or upper) should be provided with textbooks that emphasise process skills to help learn on
their own, even without the teachers.

7. Teachers are also urged to be more enthusiastic in their teaching to encourage pupil learning.
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Abstract

Prospective teachers necessarily need formal training in integrating different technologies in the teaching-learning
environment. In this paper, we report on findings regarding primary student teachers’ attitudes about the use of
technology in education, their frequency of software use such as the Internet and Hyperstudio, and the extent to
which the use of web-based tools, such as Filamentality, affected their perceived cognitive load.

Three questionnaires were administered to 41 fourth-year primary student teachers to collect data. These
students were divided into two intact groups formed during registration. At the beginning of the semester,
students were given a short questionnaire to indicate how frequently they used the technologies of the Internet
and Hyperstudio. Students were also administered a 15-item questionnaire measuring their attitudes towards
ICT and its integration in the classroom. The cognitive load imposed by technology was measured with a
questionnaire, at the end of the semester, in terms of: (a) the mental effort they exerted to learn Hyperstudio, (b)
the mental effort they exerted to search the Internet and collect quality information for their projects, and (c) the
mental effort they exerted to design instructional activities using Hyperstudio. One group was deliberately
instructed and guided to use Filamentality, and organize the information collected in a Hotlist and a Scrapbook,
while the other was not. The results of the study showed that the majority of students had favorable attitudes
towards technology-enhanced instruction. In addition, there were initial differences in students’ frequency of
using the Internet and Hyperstudio. An analysis of covariance on students’ perceived cognitive load was
conducted with the variables of Internet and Hyperstudio use as covariates. The difference in cognitive load
between the two groups was statistically significant, with F = 4.32, p < .05, after adjusting for the differences in
frequency of Internet and Hyperstudio use. Only the Internet as covariant was found to be statistically significant
with F = 4.75, p < .05. Both, familiarity with Internet and the cognitive tool of Filamentality can lower the
perceived cognitive load. '

Clearly, the theory of cognitive load has important implications for the design of technology-enhanced learning
environments. The issue of ICT integration cannot be sidestepped in educational reform efforts, and teacher
educators should carefully investigate the contextual variables that accompany the integration of ICT.

Aims and Significance

As we evolve deeper in the information age, learners and future citizens need more skills for complex cognitive
tasks, but they also need support to develop a wider range of types of learning, such as emotional development,
character development, and spiritual development. In the traditional paradigm of instruction, the focus was
almost exclusively on the cognitive domain and within that domain the emphasis was on dissemination of
information. Information and communication technology and information-age roles have made these kinds of
learning less important. Higher levels of learning are continuously becoming more and more important and
necessary for functioning in a modern society that is totally dominated by science and technology. In addition,
interest in student-centered learning coupled with technological developments, such as the World Wide Web
(WWW), have initiated a shift in instructional paradigm in ways that were previously infeasible or unimaginable.
The new paradigm requires a shift from passive to active learning making it necessary to take full advantage of
instructional technology, remote resources (e.g., those available through the Internet), and local real-world
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resources (e.g., science museums, practitioners, etc.). Instruction is thus defined as anything facilitating
learners to build their own knowledge as opposed to (or in addition to) a process of merely conveying information
to learners. There is thus an urgent need that must allow not only for customization of the learning experience,
but also for systematic integration of ICT at all levels of education.

Integrating technology in higher education is an issue, which according to the 1998 National Survey of
Information Technology in Higher Education, looms as the single most important issue confronting universities
(Green, 1998). Nonetheless, it is documented that universities, thus far, have not made any real progress toward
achieving technology integration in their programs since most university faculty do not use technology in any
systematic way to enhance their curriculum and instructional practices (Caffarella & Zinn, 1999). As Massy and
Zemsky (1995) state, most technology integration efforts at the university level have been directed toward using
technology as a productivity tool or as a delivery vehicle to support existing practices. Specifically, university
professors use the computer to (a) electronically process documents, (b) post information on the Internet for their
students to access, and (c) exchange messages with students via email or listservs. It is a rare occasion to find
a faculty member who uses the computer as a cognitive tool to cultivate learners’ thinking and support their
knowledge construction activities.

Attempts to integrate ICT in the teaching-learning environment are thus quite necessary especially for education
departments. Prospective teachers should not only be acquainted with the capabilities of ICT, but they should
have formal training about how to take advantage of different information search tools and knowledge
construction tools that can easily be employed in the teaching-learning environment. Carefully designed studies
should also be conducted in order to investigate different contextual constraints in integrating ICT in the
classroom environment. If technology is to be effectively integrated in the classroom, then teacher educators
should provide prospective teachers with the knowledge, the skills, and the confidence required to use the tools
of ICT available to them. The training of preservice teachers will be pivotal in determining the future role of
technology in education (Byrum & Cashman, 1993).

Within the context of tertiary education, we undertook efforts to integrate ICT in a fourth-year science education
course for primary student teachers. In this study, we approached technology integration in higher education
from a cognitive perspective to scaffold students’ thinking and understandings. Three decisions guided our
technology integration plan. First, we decided that it was important to work with affordable technologies our
students could find and use in the elementary schools of Cyprus. Second, we decided to utilize the vast amount
of up-to-date information found on the World Wide Web (WWW) and guide our learners to intentionally search
and locate information related to the elementary science curriculum in Cyprus. Lastly, students were asked to
use the information found on the web and design instructional activities using Hyperstudio, a hypermedia
knowledge-construction tool.

The study we describe in this paper reports on findings about students’ attitudes, when they attempted to
integrate ICT in their teaching lessons, and the extent to which the use of web-based tools, such as
Filamentality, affected students’ perceived cognitive load. Students’ frequency of using the Internet and
Hyperstudio were also measured and taken into consideration. However, this study is part of a larger research
study, which includes the integration of an electronic communication system for the purpose of promoting
students’ conceptual understanding of science concepts included in the elementary science curriculum. The
effects of the communication system on' students’ conceptual development as well as their conceptual progress
in understanding science, as it was manifested through the instructional design of various in-class learning
activities, will be treated elsewhere.

Cognitive Load Imposed by Technology Integration

We regard the concept of cognitive load highly relevant and important to the task of integrating technology in an
educational context. Cognitive load is the amount of mental energy imposed on working'memory at an instance
in time (Cooper, 1990). Cognitive load theory views the limitations of working memory to be an impediment to
learning and attempts to improve the quality of instructional design by considering the role of and limitation of
working memory (Sweller, 1994). Accordingly, instructional activities or materials can impose two types of
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cognitive load on learners’ working memory, namely, intrinsic and extraneous. Intrinsic cognitive load is directly
related to the difficulty of the content to be learned and cannot be modified by instructional design. On the
contrary, extraneous coghnitive load is caused by the characteristics of the instruction or the way an activity is
organized and presented to the learners and it is much easier to influence. If the total amount of cogpnitive load
exceeds learners’ mental resources then learning will be impeded. When the intrinsic cognitive load is high and
the extraneous cognitive load is high, then our efforts should be directed toward instructional design
manipulations for lowering extraneous cognitive load so that the resuiting total cognitive load falls to a level
within the bounds of learners’ mental resources. Any attempt to eliminate or limit the sources of extraneous
cognitive load contributes to more efficient and effective instruction.

When technology is integrated in a course, there is an additional cognitive load related to technology and its
integration in the teaching-learning environment. This additional load is caused by the technological tools
to-be-learned (intrinsic cognitive load), and by the way these tools will be integrated in the instruction
(extraneous cognitive load). If learners are not experienced users of technology, novices in other words, then
technology integration will make considerable demands on learners” cognitive processing activities. In this
study, we intended to manage the amount of cognitive load by integrating (or not integrating) cognitive tools in
the learning environment for management of the extraneous cogpnitive load related to technology that may

_adversely affect their processing capacity. We do not argue that these tools will make the task easier, but we do
argue that these tools may help learners organize their thinking processes more efficiently and effectively. The
bottom line seems to clearly suggest that any decrease in cognitive load increases the portion of working
memory that is available to attend to the learning process, taking into consideration that working memory is
extremely limited in both capacity and duration.

The Computer as a Cognitive Tool

Cognitive tools or mindtools (Jonassen, 2000) engage learners in meaningful thinking to analyze, critically think
about the content they are studying, and organize and represent what they know. Mindtools include various
computer-based applications, which can be learned in a relatively short amount of time, such as databases,
spreadsheets, information search engines, hypermedia construction tools, and others. Here, for the purposes of
the current study, we focus only on the two types of tools, namely, intentional information search tools and
knowledge construction tools that were employed in the present study.

Information Search Tools

Undoubtedly, the WWW has so many interesting topics to explore that it is easy for learners to loose awareness of
where they are in hyperspace and what links they followed to get there. Moreover, for learning purposes a bigger
problem is that learners may feel overwhelmed by the vast amount of information found on the web and thus fail to
integrate and synthesize new information with their existing knowledge. According to Jonassen (2000), the
educational secret to the Internet is intentionality. The argument is that if learners have a clear purpose in mind, an
intention, they will most likely stay focused and construct ways to locate and retrieve only the information needed to
fulfill the intention or the goal they have in mind. A popular tool for intentional searching is a search engine. A
search engine is considered a mindtool, because it triggers reflective thinking as learners must constantly reflect
and assess the quality of the information located as well as the merit of the information found for constructing and
representing ideas. Moreover, web-based tools such as Filamentality [www.kn.pacbell.com/wired/fil] help manage
the load that is caused by searching the web by enabling a learner to create a web page to record the resuilts of a
search and thereafter to use these resources to create instructional activities, such as a Hotlist and a Scrapbook. A
Hotlist is a list of links to text-based materials for a topic organized meaningfully into categories. A Scrapbook is a
list of links to a variety of media such as images, sound, video clips, and virtual reality tours as these relate to a
topic. Learners can use a Hotlist to read about a topic and thereafter a Scrapbook to explore aspects of the topic
they feel are important. The resources found in a Hotlist and a Multimedia Scrapbook can be downloaded into a
Hyperstudio stack and manipulated accordingly by the learner.

Knowledge construction tools
Knowledge construction tools, such as hypermedia, are tools that actively engage learners in designing and
creating representations of knowledge, as they understand it, and not as the teacher understands it. Hyperstudio
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is a well-known hypermedia-authoring tool that is widely used by teachers and students to communicate ideas in
visual form by bringing together text, sound, graphics, and video. From a theoretical perspective, hypermedia
authoring follows the tenets of Papert's (1990) constructionism, which asserts that the learner must build
knowledge. According to Perkins (1986), the rationale for constructionism is knowledge as design, which affirms
that learners should become designers of instructional materials and artifacts, and not interpreters of facts and
information given by a teacher.

Methodology

The Context of the Study

The study took place in a teacher education department in the fall of 2001. Forty-one undergraduate student
teachers, enrolled in a fourth-year science education course, participated in the study. The course was designed
around two major objectives: (a) to teach students about current trends in science teaching, and (b) to capitalize
on the interrelationships among science, technology, and society. The instructor of the course wanted students
to understand science in terms of their real life and not as inert knowledge in the form of isolated facts and
information. Over the course of the semester, there were 13 two-hour lectures, and 13 90-minute laboratory
meetings. For the lectures, all students met as a group, whereas for laboratory work students were divided into
two groups. These two groups were intact groups formed during registration without any involvement from the
instructor of the course. Laboratory work included experiments and technology training. There were five
90-minute technology workshops for each group devoted to technology integration, and were scheduled at times
students felt they needed the training.

Procedures

The authors, first, identified 100 web sites that were related to science and technology literacy appropriate for
elementary education, and, then, evaluated randomly 50 of them based on multiple criteria, such as (a)
accuracy, (b) depth, (c) breath, and (d) relevance to students’ lives. The list with the web sites, the evaluation
criteria, and the evaluation outcomes were communicated to students via a web site. Each participant had to (a)
select a different topic from the elementary science curriculum, (b) identify and evaluate web sites suitable for
teaching this topic, and (c) develop an technology-enhanced 80-minute lesson, for ages 7-12, to be taughtin a
real classroom setting in conjunction with other planned activities. Students were guided to design their lessons
based on principles of learning theories that place the learner at the center of the learning process as the
constructor of knowledge. Students were also instructed to integrate into their lessons Hyperstudio, an easy to
learn application by both teachers and students.

As mentioned above, each group had five technology integration training sessions. Two kinds of training
sessions for each group were administered: (a) Hyperstudio Training and (b) Internet Training. Even though
students were familiar with both Hyperstudio and Internet they asked for the extra training. Therefore, each
group of students had three workshops about Hyperstudio and its added value in the teaching and learning
process, and two workshops about the Internet. Internet training differed between the two groups. The first
group learned about how to employ different strategies to effectively search the WWW as well as which engines
were most appropriate for locating different kinds of information such as images, video clips, sounds, animations
etc. The second group had the same basic Internet training that students in the first group had, with the
difference that they also learned how to organize the results of their searches using the tool of Filamentality.
Specifically, each student in the second group created a Hotlist and a Scrapbook, using Filamentality. Students
were expected to use the information collected in their Hotlists and Scrapbooks to design their lessons using
Hyperstudio and other in-class activities.

Instruments

Three questionnaires were used to collect data. At the beginning of the semester, students were given a short
questionnaire to indicate how frequently they used the technologies of the Internet and Hyperstudio. A Likert
scale from 1 to 5 (never, rarely, sometimes, often, very often) was used for this measurement. Students were
also administered another questionnaire measuring their attitudes towards ICT and its integration in the
classroom. This questionnaire included 15 Likert-type questions from 1 to 5 (disagree a lot, disagree, neutral,
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agree, agree a lot). At the end of the semester, students were given a questionnaire to measure their perceived
cognitive load. A Likert scale from 1 to 5 (very small mental effort, small mental effort, neither small nor large
mental effort, large mental effort, very large mental effort) was also used for this measurement. There were two
forms of this questionnaire, one for each group. The cognitive load imposed by the technology for the first group
of students was measured in terms of: (a) the mental effort they exerted to learn Hyperstudio, (b) the mental
effort they exerted to search the Internet and collect quality information for their projects, and (c) the mental effort
they exerted to design instructional activities using Hyperstudio. Similarly, the cognitive load imposed by the
technology for the second group of students was measured in terms of: (a) the mental effort they exerted to learn
Hyperstudio, (b) the mental effort they exerted to use Filamentality for searching WWW and organizing the
information collected in a Hotlist and a Scrapbook, and (c) the mental effort they exerted to design instructional
activities using Hyperstudio. Thus, the difference between the two groups was that the second group was
deliberately instructed, and guided to use Filamentality and organize the information collected in a Hotlist and a
Scrapbook, while the first group was not.

Results and Discussion

Table 1 shows the frequencies of students’ responses to the 15-item attitude questionnaire. There were no
statistically significant differences between the two groups in terms of their responses to the attitude
questionnaire, and the results were collapsed over the two groups.

Table 1: Students’ Initial Attitudes about Technology (n=41)

item Disagree | Disagree | Neutral | Agree | Agree
alot% % % % alot%

| feel comfortable learning the new technologies 24 9.8 9.8 39.0 39.0
Using the computer constitutes a skill that students 0.0 0.0 0.0 17 1 82.9
must learn
The computer imposes stress on me because if
anything goes wrong | would know what to do 19.5 837 | 122 9.8 4.9
| feel comfortable with my abilities to be able to learn
how to use the computer 24 9.8 4.9 58.5 24.4
The use of computers in education makes me skeptical 9.8 24.4 9.8 46.3 9.8
The use of computers in education makes me
enthusiastic 0.0 24 7.3 53.7 36.6
The use of computers in education interests me 0.0 2.4 0.0 512 46.3
The use of computers in education scares me 26.8 41.5 14.6 14.6 2.4
Computers confuse me 34.1 48.8 7.3 9.8 0.0
I don't think computers will be valuable in my profession 82.9 14.6 0.0 0.0 2.4
| enjoy learning how to use the new technologies 0.0 2.4 12.2 39.0 46.3
The integration of computers in my teaching will result
in more work for me 0.0 9.8 14.6 56.1 19.5
| believe computers will change the way | teach 0.0 24 9.8 56.1 31.7
| believe computers will influence how my students learn 0.0 24 24 53.7 41.5
Whatever the computer can do | can do it equally well
with another way 7.3 68.3 22.0 24 0.0
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The overwhelming majority of students felt the need for employing new technologies in the learning environment,
felt enough confident in learning how to use new technologies, were rather enthusiastic to learn how to integrate
the computer in their teaching, clearly understood that technology has the power to change the teaching and
learning environment, and were not hesitant about the value of computer-enhanced instruction in learning,
although there was some skepticism expressed related to using new technologies in education. Therefore, there
was overall, a positive attitude and a positive momentum towards technology integration at the beginning of the
study, and no resistance from the participants.

Table 2 shows descriptive statistics about how often students were using the technologies of Hyperstudio and
Internet prior to the study, and Table 3 shows descriptive statistics about students” perceived cognitive load
when they used these tools to carry out an instructional design task.

Table 2: Descriptive Statistics for Students’ Frequency of Software Use (n=41)

Group M SD n

Internet 1 4.48 0.75 21
2 4.85 0.37 20

Hyperstudio 1 2.29 0.64 21
2 2.70 0.57 20

Table 3: Descriptive Statistics for Students” Perceived Cognitive Load (n=41)

Group M SD n
1 ' 10.00 1.70 21
2 8.55 1.23 20
Total 9.30 1.65 41

Students in the second group were using more often both the Internet and Hyperstudio, while the first group
reported a higher amount of cognitive load than students in the second group did. To control for initial
differences in the use of software, an analysis of covariance on students' perceived cognitive load was
performed, where use of Internet and use of Hyperstudio were both used as covariates. The results of the
analysis of covariance are shown in Table 4.

Table 4: Analysis of Covariance on Students’ Perceived Cognitive Load (n=41)

Source of variation SS df MS F Signif.
Intercept 118.87 1 118.87 60.73 .00
Use of Internet 9.30 1 9.30 4.75 .036*
Use of Hyperstudio 1.60 1 1.60 0.82 37
Intervention 8.45 1 8.45 432 .045*
Error 72.42 37 1.96

*Statistically significant at p<0.05.
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The difference in cognitive load between the two groups was statistically significant, with F = 4.32, p < .05, after
adjusting for the differences in frequency of Internet and Hyperstudio use between the two groups, as they were
measured at the beginning of the study. Only the Internet as covariant was found to be statistically significant
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with F = 4.75, p < .05. According to the results of the analysis of covariance, the null hypothesis of no
differences in cognitive load attributed to how much each group was using the Internet could not be rejected.
This finding is important because it indicates that expertise in using a tool or better familiarity with a tool, as a
result of more frequent use, may reduce the amount of cognitive load. In addition, students, who were instructed
to employ Filamentality in their work, reported lower cognitive load. The cognitive load remained significantly
lower for those who employed Filamentality in their work, even after adjusting for initial differences in the use of
Internet. This signifies that the tool of Filamentality alone is a powerful tool in managing the mental effort needed
to accomplish an instructional task.

When students in the second group were asked to explain the amount of cognitive load Filamentality imposed on
them in carrying out their task, eleven of them stated that the amount of mental effort was much lower than what
it would have been without using Filamentality. They explained that Filamentality was very easy to learn and
enabled them to organize the results of their searches into categories. Therefore it was easy for them to access
the information, when they needed it. The remaining nine students also stated that Filamentality was a
user-friendly tool to learn, and that the mental effort they put into the task with Filamentality was lower than what
they would have put without Filamentality, because all data were already organized and ready to be used for
their Hyperstudio stacks and other activities.

The results of this study indicate that the amount of cognitive load imposed by technology integration can be
managed effectively and efficiently by integrating cognitive tools in the learning environment to help learners
organize their thinking processes more efficiently and effectively. Clearly, students who used the tool of
Filamentality experienced a smaller mental effort in completing their task than those students who completed the
task without using Filamentality. The tool of Filamentality served as a cognitive tool that helped students
organize their thinking effectively, and facilitated the retrieval and use of information, when students needed to
use the information at a later time. Therefore, it made the task of searching the Internet less chaotic and overall it
reduced the amount of extraneous cognitive load imposed by integrating ICT in the course.

Implications for Instructional Design

ICT cannot be sidestepped in future educational reform efforts. Consequently, teacher educators should make
efforts towards integrating ICT in preservice coursework. The integration of ICT in teacher education programs is
not an easy matter, while lack of substantive research evidence plagues any fruitful discussion related to the
affordances of new technologies in the classroom. If technology is viewed as an add-on that is pursued for the

~ sake of the technology alone, then technology will never change education. On the other hand, if technology is
viewed as a tool with an added value in certain instructional situations, then technology will manage to become
part of the microcosm of the classroom. Clearly, the theory of cognitive load has important implications for the
design of technology-enhanced learning environments. Based on our experiences, technology integration in
teacher education programs should be planned carefully to ensure the following. First, the tools integrated
should be affordable and easy to learn so that the amount of cognitive load is best managed. Second, learning
how to use the technology should not be the major focus of the course, but learning how to integrate the
technology for the purpose of meeting instructional objectives should be. Finally, prospective teachers should
learn how to design technology-enhanced activities so that the amount of extraneous cognitive load is controlled
and kept within the limits of young learners’ mental resources. Careful design of instructional use of ICT is
necessary, in any attempt to take advantage of learners’ possible initial positive attitudes towards using ICT in
their teaching.

There is no doubt that even though support for ICT use in education is gradually increasing, there is only scarce
evidence for its effectiveness. The most relevant issue is not whether technology is effective, but when and how
it can be used advantageously. Consequently, coordinated research efforts should be undertaken to investigate
these questions. This line of research seems very promising in providing guidelines for designing
technology-enhanced powerful learning environments.
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Abstract

Students’ alternative conceptions arise out of an interconnected system of beliefs: about the nature of science, of
learning, of the natural and social world. Cross-cultural perspectives on these world views are therefore
essential. This study probed middle school students’ conceptions about plants.

Tribal students were found to have a richer and more varied knowledge base about plants both in comparison
with the textbooks at their level and urban students. While textbooks emphasized detailed structural
descriptions, students focused on gross shapes, environmental features, seasonal variations, and feelings,
which in turn they related to the uses of plants. Data for urban and tribal students showed that mere presence of
plants in the environment did not result in students being aware of them. Everyday use and socio-cultural
significance of plants played a greater role. The direct dependence of tribal cultures on forests for shelter, food
and medicine, was reflected in their positive attitudes towards plants, and in their more detailed knowledge of
ecological interdependencies as compared to urban students.

Introduction

School students’ conceptions form an interconnected system of beliefs: about the nature of science, of school,
of learning, and of the world around. Knowledge is constructed through interaction with the physical as well as
the social environment. Alternative conceptions therefore need to be seen in terms of the context of learning,
including the local enviranment and the socio-cultural background of students, and its relation to the classroom
climate. This was one of the goals of the DLIPS Project - Diagnosing Learning in Primary Science, undertaken
at the Homi Bhabha Centre for Science Education. The DLIPS project studied three main themes that are
intimately connected with primary (grades 1 through 4 in Maharashtra State) and middle school (grades 5
through 8) science: students’ ideas related to living and non-living, students’ ideas about plants and the role of
experiments in school science [Chunawala et al, 1996; Natarajan et al, 1996; Ramadas et al, 1996].

Students in India grow up in a variety of economic and socio-cultural backgrounds. Although in school they
follow a common curriculum, research and other abservational evidence suggests that the experience of
schooling may actually differ for students from differing home backgrounds. Their life-styles and environmental
experiences may also differ. It is possible that these factors besides the curriculum and textbooks influence
students’ worldviews and shape their conceptions. Our study of students’ conceptions was motivated by these
rather complex considerations.

Context, cognition and the study of plants

Cognition in natural and social settings has been the subject of many research studies. Implicit in these studies
is the view, developed by Lave [1988], Brown and others [1988], that cognition is ‘situated’ - that knowledge is
closely intertwined with the activity, the context, and the culture within which it is developed. This view is
particularly relevant in situations where there is a wide gap between the culture of school and home. The study
of botany for tribal school students in India is a case in point.

Tribals typically regard humans as part of a community of beings that include other living creatures as well as
elements of the landscape. Tribals in India, many of whom live in the outskirts of forests, supplement their
meagre earnings as tenant farmers/ labourers, with the sale of fuel wood, and minor forest produce like herbs
and honey. Ashramshalas, or residential schools, are an attempt by the government to educate the tribals and
integrate them with the mainstream. Lack of effective linkage between informal experiences and formal
education leads to classroom learning limitations.
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In rural and indigenous cultures, even children under 12 years of age participate in agriculture and collection of
forest produce. Urban students on the other hand, merely use plant products in their daily lives. In schools, both
tribal and urban students go though a common curriculum, in which the study of plants is an important
component from grades 1 through 6.

Anthropological and ethnobotanical studies, which have documented names for plants, show that adults in rural
and underdeveloped societies have names for many wild plants in their environment [Berlin et al, 1966; Tull,
1993). Other studies [Dougherty, 1979] find that urban students have a poor knowledge of names of plants and
cannot identify as many different varieties as tribal students of the same age. Hunn [1985] points out that
“biological taxonomies only lexicalize a small portion of the total number of available plant and animal taxa, and
what is lexicalised are the plants and animals that have some special importance to people”.

Scribner and Cole [1973] see a juxtaposition of formal and informal education as a source of problem in bringing
about cognitive change. Their thesis is, “... that school represents a specialised set of educational experiences
which are discontinuous from those encountered in everyday life and that it requires and promotes ways of
learning and thinking which often run counter to those nurtured in practical daily activities.”

Informal education in traditional societies is contextualised and person-oriented - each task is taught by a
particular person, and the position of the person, say a family or group elder, imparting the skill is as important
as the task to be learned. On the other hand, formal school education demands that children relate only to the
subject matter, which is not only decontextualised, but often taught by a different teacher each year. This
problem is compounded, in education of tribal children, by the schools representing a culture that has historically
oppressed and maligned the indigenous people. Besides, the organization of knowledge in subjects like formal
mathematics, grammar and the sciences often conflicts with the traditional ways of understanding and
interpreting the world [Harris, 1992].

Informal learners lack explanations for how and why they perform a task, while school learners know the words
but not the referents, because they have never encountered a practical situation related to their knowledge.
These arguments lead to a strong plea for making a connection between everyday life of students and the
decontextualised learning in the classroom [Brown et al, 1988; Brown, 1989]. It has been recognized for over a
decade now that students’ understandings include non-semantic aspects, like, emotions, values, beliefs,
interpretive frameworks and personal experiences [Gilbert et al, 1982], which are also deeply embedded in the
physical, social and cultural settings of the students. The school, and evaluations therein, are only concerned
with the formal propositional (semantic) knowledge.

The present study was motivated by the observation that tribal students are seen to be at a disadvantage in formal
school in terms of performance. Their life-style, and the knowledge of plants and forests on which it has depended
over the years, remains unrecognised and under-valued. By documenting students’ ideas, we hope to see if a
connection is possible between the situated knowledge of students, and the requirements of the curriculum.

Sample and tasks

The study was done with middle school students from generally deprived socio-economic backgrounds. The
data was collected over two academic years from three residential schools, one in Mumbai city (Urban) and two
tribal schools in rural areas (Tribal) of Maharashtra State. The urban school is run by a charitable organisation
and has a mix of students from poor and lower middle-class families. The data analysis was largely qualitative,
with testing for statistical significance where appropriate.

Both urban and tribal students belonged to grades 5 and 6, and ranged in age from 10 to 15 years. About a
hundred students each in the tribal and urban groups participated in the study. The actual number of
participants varied for the different tasks. The ratio of girls to boys was about 1: 2 in the urban school and 1: 4 or
less in the tribal schools, reflecting a severe gender bias in schooling opportunities. The gender ratio decreased
further in the higher grades. The medium of instruction was Marathi, the language of Maharashtra State. The
tribal students’ mother tongue was a dialect of Marathi.
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Our experience has been that these students, particularly in the school situation, are not used to expressing their
own ideas freely. Through the medium of classroom discussions along with a variety of written tasks, games
and activities, students were encouraged to express their ideas related to a topic. Games that required the
students to form teams and compete, served to open up interaction channels with the students. In one such
game, played outside the classroom during early interactions, students formed teams and identified living things
found on land, water, or in the air. The fact that tribal students were able to give more than 150 plant names
provided the impetus to probe the students’ knowledge of plants in greater depth. Several tasks were
subsequently designed, of which the analysis of two tasks that focus on the aspects of situated cognition are
reported here. A brief description of each task is given below.

Herbarium collection

In the 'herbarium’ task, 58 urban students of grade 6 and 99 tribal students of grades 5 and 6 participated. Each
student was asked to select one plant from the environs of their school or home, preferably different from that of
her/his classmates, and bring a twig containing a few leaves and a flower, fruit or seed, if it had any. The
students then filled out a questionnaire which asked for information about the plant selected by them: its name,
the surroundings where it was found, if the plant was a vine, the support of the plant, their ‘thoughts and feelings’
about the plant and any stories about it that they may be aware of. They were also asked to give the colour of
the flowers when fresh, and human uses of the plant and its parts.

Drawing and writing about a plant

The participants for the drawing and writing task consisted of 104 urban students from grade 6 and 108 tribal
students from grades 5 and 6. The students were asked to first draw the overall shape of the plant and its

~ features, and then to fill out its surroundings. They also drew in detail, on a separate sheet, a branch, a leaf,
flower, fruit and seed, of the same plant. Unlike the herbarium task, different students could draw the same
plant. After completing the drawings, every student wrote about each aspect of the plant. The writing task was
complementary to the drawing task and helped in probing students’ ideas about the plants beyond the limitations
of the drawing task.

Results

Herbarium collection _

Students collected a great variety of plants distributed over many categories. The plants chosen by the tribal
and urban students differed in two ways: the total number of plants in each category, and the variety, or the
number of distinct names, within each category. The salient features of the responses to the herbarium
questionnaire are given in Table 1-and tribal and urban students’ responses are compared below.

There was a greater variety in tribal students’ responses: majority of their choices (>70%) were evenly
distributed over fruit trees, flowering trees and garden plants. They also gave a significantly greater number of
fruit (z=2.46) and flowering (2=3.34) trees. There was a greater variety of flowering trees (z=2.51) as well.

Tribal students chose many trees, which have a social and religious significance (socially significant trees). The
tribal students in this study are dependent on a wide variety of plants. Thus, it is not surprising that they selected
a large variety of plants from several categories.

Table 1: Number (No.) and variety (Var.) of plants in the herbarium task(

Tribal Urban
Category
No. Var. ~ No. Var.
Fruit trees ' 27 16 7 4
Flowering trees 25 . 16 : 4 3
Garden Plants 21 15 24 12
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Vegq. Plants 7 5 13 8
Grass/Water plants 4 4 2 2
Other socially significant plants 15 10 8 ' 2
Total 99 66 58 31

Forty percent of all plants chosen by urban students were common garden plants, significantly greater in number
(z=2.63) and variety (z=2.09) than the garden plants given by tribal students. They also chose a larger number
of vegetable plants (22%) than did tribal students (7%), whose choices were different.

Several of the trees found in the tribal environs are also found near the school of the urban students in this
study. Yetthe urban students chose only a few fruit trees, the fruits of which they like to eat! Their choices in
the garden variety were dominated by the plants that they use in their everyday lives. Complementarily,
although a large variety of vegetable (and garden) plants are found around the Ashramshalas, tribal students
chose them less frequently than did urban students. In the urban students’ case, all ‘'useful’ plants may not be
found in their surroundings, while in the case of tribal students, the mere presence of a variety of plants in the
forest has traditionally led to their use in the everyday life of their community.

Tribal students often expressed positive feelings about the plants they had chosen, in addition to their uses. It
appeared that students’ feelings were often linked to the uses of plants, as food, medicine or fuel. At other times
they described the flowers as beautiful and ‘gladdening’. Both urban and tribal students’ responses had only a
few structural descriptions like, “chini gulab leaves stand erect”. This is in contrast to textbooks that abound in
structural descriptions and underplay feelings.

It appears likely that, in the herbarium collection task, more than the availability of a variety of plants in the
environment, the perceived dependence on the plant, and its everyday relevance, influenced students’ choices.
Their perceptions of use and ‘feelings’ about the plants were also an important factor that influenced the variety
and number of herbarium samples.

One might expect that four years of formal schooling with similar textbooks would have a certain homogenising
influence on urban and tribal students. This was not found to be so. Tribal students brought herbarium samples
of many plants that did not appear in the textbooks, largely in the categories of fruit, flowering and socially
significant trees. About two thirds of the plant samples brought by the tribal students, and about half those
brought by urban students, were different from those given in the text. Textbooks, on the other hand, cite a large
number of trees and plants of several categories, possibly in an effort to cater to a majority of rural and urban
students.

Drawing and writing about a plant

This activity was meant to probe students’ observations about a plant of their choice: the overall shape of the
plant or tree, the details of its parts like, leaf, flower, fruit and seed, the surroundings in which the plant may be
found, and any other ideas about the plant that they would want to write about. The activity had two distinct
parts: drawing, followed by writing.

Choice of plants - number and variety

The predominant categories of plants chosen by the students were analysed on the same lines as in the
herbarium collection activity. In this case too, each student drew only one plant. The salient differences in
number and variety of plants chosen by tribal and urban students for this task are discussed below. The total
number of plants in each category (No.) and the number of distinct names in each (Var.) are given in Table 2.
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Table 2: Number (No.) and variety (Var.) of plants in drawing and writing task

Tribal Urban

Category No. Var. No. Var.
Fruit trees 60 13 67 7
Flowering trees ’ 18 8 0 0
Garden Plants 14 5 32 11
Veg. Plants 1 1 0 0
Grass/Water plants 0 0 1 1
Other socially significant plants 16 6 4 3
Total 108 33 104 22

There was less overall variety in the plants chosen by both tribal and urban students in this task than in the
herbarium task, probably because variety was not insisted upon. The nature of this task required the students to
visualise the plant and draw it. Their observations, ability to visualise and draw, and a tendency to copy from
neighbouring students, may all have reduced the variety of plants in students’ responses to this task.

There was a greater variety of plants in the drawings of tribal students than in urban students’ drawings. Most
students (60%) drew fruit trees, with a greater variety in tribal students’ drawings (7=13,U=7). Garden plants
figured less in tribal students’ drawings, both in number (z=3.8) and variety (7=5,U=11).

Urban students largely drew either fruit trees or garden plants, and no flowering trees or vegetable plants. The
fruit trees were mostly the three stereotypical ones; coconut palm, tamarind and mango. Coconut palm is often
perceived to be easy to draw and is part of all typical 'rural scenes’ in books. The sour tamarind fruit is
inexpensively available with roadside vendors in urban areas and is a favourite with children. The mangois a
summer treat. Interestingly, no tribal student drew a tamarind tree.

Textbooks cite names of several plants, but give few pictures of specific plants or trees with notable exceptions
of a hibiscus plant and a rose plant. Some nondescript trees not attributable to a particular variety are drawn in
the textbooks as part of scenery. There are also pictures of fruits, vegetables, a few flowers, leaves and roots as
independent structures.

Only about half the varieties of plants drawn by tribal students and about two-thirds the varieties drawn by urban
students were the same as plants mentioned in textbooks. Most of the socially significant trees drawn by the
tribal students were different from textbook ones. Urban students drew all the garden plant varieties drawn by
tribal students, some mentioned in the textbooks and not drawn by tribal students, and more.

Students’ drawings thus may indicate many things: their observations of plants around them, picture books, their
ability to visualise these plants in the classroom, and their ability to draw. They collectively drew a large variety
of plants from memory. Clearly, in this task, as in the herbarium task, textbooks have had marginal influence.
Hence, students’ drawings can be analysed for patterns that could reveal their ideas about plants.

Students’ drawings

In a study of emotional and cognitive developmental features in the drawings of young children, Jacqueline
Goodnow [Goodnow, 1977] states that, “No drawing is an automatic print-out of some perceptual world ... What
is seen or intended must be translated into the action of drawing, and we need to understand fully the nature of
translation and the nature of action”.

-
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The following analysis focuses not on cognitive development, but on 10-15 year old students’ observations and
knowledge about plants. In particular, we look for evidence for realism, and attention to details of structure. The
analysis starts from the premise that students’ drawings of plants are their translation of what they see and 'think’
about plants, and hence provide clues to their understanding of plants. Certain features of the drawings indicate
possible lacunae in the teaching of botany in classrooms. The nature of these features, or 'patterns’ in them,
may help us understand what needs to be addressed if school botany is to form a useful scientific basis for the
students to understand their environment. The salient features of the drawings of urban and tribal students fall in
the categories of cases of accuracy in urban and tribal students’ drawings, kinds of inaccuracies, like gross
inaccuracies, wrongly directed venation and exaggerated proportions, and ecological features and realism.
These are discussed below.

Drawings of big trees by tribal students had the correct overall shape. Shape of leaves, leaf arrangement on
branches, and position and shape of fruits were mostly correct for different kinds of trees.

About 40% urban students drew the coconut palm and most drew it correctly: ribbed trunk, location and shape
of leaves and fruits. Besides, these trees were shown, curving artistically, in very picturesque surroundings, by a
stream or river, with a boat in the stream. A typical drawing is given in Fig.1(a).

Several urban students drew leaves of common garden plants, like the hibiscus in Fig.1(b) or rose in Fig.1(c)
accurately and in great detail - relative size, position, serrated leaf margins, and thorns at the nodes. In urban
areas, potted plants around the house, courtyard or even on balconies and their everyday use for decoration and
worship afford students an opportunity for close observation of such plants. Some features, like the hibiscus
flowers in Fig.1(b), were exaggerated. This plant has been drawn in textbooks, and the one in grade 6 textbook
is a small-sized plant with rather large flowers.

Figure 1: Drawings by urban students: (a) Coconut palm showing scenic surroundings, (b) Hibiscus plant and
(c) Rose plant.

There were several kinds of inaccuracies in the drawings, which could serve as teaching learning opportunities.
An urban sixth grader inaccurately drew prominent adventitious roots on the peepul tree (Ficus religiosa)
(Fig.2(a)), which belongs to the generic class of trees characterised by adventitious roots. The student in this
case may have overemphasised the roots, or made an observational error. The round fruits were attached to
the branch by a stalk, rather than growing directly on the branch. The leaves were oblong instead of the
well-known shape of a heart with an elongated and pointed apex. The drawing had stereotypical flowers, also at
the end of stalks.

Another urban sixth grader drew a guava tree, with flowers growing on stalks from the main trunk, whereas
round fruits - rather than the actual pear-shaped ones - were shown growing at twig terminals Fig.2(b). The
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student did not make any connection between the flower, the fruit, and the seed, the flowers were oversized, and
the fruits were smaller than the flower.

Figure 2: (a) Peepul, (b) guava and (c) tamarind trees by urban students.

There were many instances of students, both tribal and urban, drawing some parts of plants in exaggerated
proportions (Fig.1(b), Fig.2.(a and b)). Fruits were prominent on every drawing of mango tree as in Fig.3(a). A
tamarind tree (Fig.2(c)), drawn by an urban sixth grader showed large fruits and leaves. Placed in the
foreground of the picture, the tree was large, ‘having compound leaves, long and slender with 10-20 pairs of
nearly stalkless leaflets’ [Bole and Vaghani, 1986]. Juxtaposed with this accuracy of drawing were fruits placed
incorrectly at the tip of leaves, correct in shape but highly exaggerated in size. The beautiful red flower of the
hibiscus plant and the sour fruit of the tamarind tree happen to be favourites, especially with children. The size
of these features may be an indication of the relative importance of these parts of the plant.

The drawing of a bhendi tree (Thespesia pupulnea) (Fig.3(b)) by a sixth grade tribal student was another striking
example, where the flowers of the tree were incorrect in shape and were oversized. The sapling next to the tree,
and the root structure near the ground indicated that it was a large tree. The leaves were of appropriate shape,
but with opposite venation. In the herbarium task, students who chose this tree mentioned that they liked the
tree for the attractive yellow flowers that changed to purple when about to wither. Thus the students did perceive
the flowers as the most prominent part of this tree, and possibly attempted to depict that in their drawings.

Figure 3: (a) Mango, (b) Bhendi and (c) Fig trees by tribal students.
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Students drew the leaf shape and leaf margins more accurately than other parts. One of the striking features of
students’ drawings was the venation of the leaves. While more urban students drew the veins in the right
direction (z=3.0), many drawings of tribal students indicated veins in the opposite direction. This is illustrated in
the two different leaves drawn by fifth grade tribal students Fig.4: an elongated (lanceolate) one of biti (Thevetia
nerlifolia) plant and a heart-shaped leaf of the bhendi tree. It is amazing how correct they could be about the
overall shape of the leaf, and yet draw all the veins in the opposite direction! While drawing a bunch of leaves,
for example on a branch of a tree, there was often utter confusion about the direction of veins.

Figure 4: Leaves drawn by two tribal students (grade 5): (a) elongated leaf of biti plant and (b) heart-shaped
leaf of bhendi tree.

The confused venation could have arisen either because of lack of observation of details, perceived irrelevance
of the venation in making gross identification of plants, or perhaps a difficulty in drawing oppositely oriented
diagonal lines [Olson, 1970]. The latter possibility was ruled out when they reproduced accurate venations when
asked to collect a leaf and draw it. Hence, one may argue that the confusion may originate in a lack of attention
to the details of venation. '

Ecological features and realism were largely evident in tribal students’ drawings, although urban students’
drawings of coconut trees in scenic surroundings would also fall in this category. Many tribal students drew
large trees with saplings of the same variety growing nearby (Fig.3(a and b)). Fig.3(a), showed a realistic shape
of the tree, inflorescence and fruit. The mango fruit was shown as a prominent part of the tree, as well as of the
whole scene, for example, a mango on the ground with a child running to get it.

In the drawing of a fig tree in Fig.3(c), roots were shown above ground, saplings around the tree, and logs of
wood strewn around. The fruits were attached in clusters to the main branches. The leaf shape was distinct and
correct. The drawing clearly indicated that it was the season for shedding of leaves. A few leaves were floating
to the ground from the large tree, while the saplings were already bare. But the fruit, indicated separately,
though of the correct shape, was incorrectly positioned on the branch, and a lone seed was drawn inside the
fruit. -

The science textbook for grade 6 describes many parts of plants in great detalil, including apex, veins, margins
and stalk of leaf, and style, stamen, stigma and pollen in flowers. Detailed descriptions of the parts of a stem,
leaf, and flower, are given, but the book says little about how all these are connected to each other. There are
very few pictures of the whole plant or tree. All the factual knowledge about parts of a plant is usually taught
within the classroom, with neither field trips nor collection of plants for demonstration in the classroom. The facts
are then rote learned in the confines of students’ homes. Given these circumstances, one is left to explain how
the students got it so right. :

Tribal people have had intimate links with the trees in their environs. They have thus evolved ways to distinguish
between the different trees in their daily lives, using the visual criteria of shape, size and distribution of leaves,
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besides smell, texture and other non-visual criteria. These are often used implicitly rather than in an explicit
manner in identifying trees. The tribal students probably 'know’ these by 'situated learning’. This was evident
from the discussions with them during the game on identifying living things in their surroundings. Tribal students
also expressed this knowledge in their drawings.

Urban students relate to plants in their daily life through watering their garden plants, picking flowers of garden
plants and throwing stones to drop edible fruits from road-side trees. Most students also know and use many
parts of the coconut tree. The distinct shape of the coconut palm is most familiar to the urban students of
Mumbai.

In the drawing task the use of a plant and plant products in everyday life, and interactions with the plant, seemed
to decide the plant chosen and the accuracy of drawing. Since textbooks had very few drawings of whole plants,
they did not help students in responding to this task. That may also explain why the students did not give the
details that the textbooks give, unless they were details of familiar plants, like garden plants for urban students.
There is apparently a wide gap between students’ spontaneous ideas about plants - which were varied and rich
in ecological content - and the knowledge in the textbooks.

Students’ writing about plants

The students were asked to describe the plant they had drawn, including its overall shape, its surroundings, its
trunk, branches, leaves, flowers, fruits and seeds. They had to describe characteristics like colour, smell, texture
(feeling to touch), periods of flowering and fruiting, and whether the plant shed its leaves. They were also asked
to write about the uses of the plant and its role in the environment. Students may have used some of the
relevant expressions from their textbooks.

Urban students, who gave too few items to be analyzed in any detail, mostly gave gross structure and functional
features, and little else. In general, most tribal students wrote much more about the plant they had chosen to
draw than did an average urban student. The description of plants given by the students was analyzed in the
light of some aspects that are commonly found in the textbooks, and others that the task specified.

Textbooks give many plants as examples while discussing variety in leaves, root, stem, the general structure of
plants or functions of plants and their parts. They abound in definitions, classifications and statements of cause
and effect. Textbooks also describe processes like germination of seeds and give procedures for growing
plants. There are a few nonvisual descriptions and do not have descriptions of a single plant on the lines
requested of the students. They are devoid of affective statements or imagery and metaphor, especially in
grades higher than the fourth. Time references, like, fall of leaves or flowering seasons are absent in textbooks.

The predominant feature in the writings of students was description of gross structure, such as colour and size of
tree trunk, stem, leaf, flower, and fruit. Students’ writings closely modelled the textbooks in four aspects - gross
structure and gross anthropocentric functions, details, and process descriptions. Tribal students gave several
uses, most of which were human uses, of the plants and their parts.

Students rarely referred to the subparts other than cotyledons, although there are many references in the
textbooks to stamens, style, margins of leaves, etc. Students described processes more often than procedures,
and most cases pertained to germination of seed and plant growth. This is not surprising, since textbooks deal
with this in some detail, and even suggest that students try the activity of germinating some common seeds.
Some of the teachers claimed to have done this in the classroom, and some students too mentioned that they
had done it.

There were a large number of instances where students referred to seasonal variations in plants. Most tribal
students wrote about time of flowering, when leaves were shed, and when they sprouted anew. Some students
wrote a few sentences about the surroundings in which the plant was to be found and described them with
feelings. The students’ writings were relatively high on feelings and references to seasons in contrast to
textbooks. Students did not make many classificatory or cause-effect statements, nor did they give definitions or
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procedures in their writings. In this task, students gave a few instances of nonvisual descriptions (a tree trunk is
strong);-or imagery (umbrella shaped, half-moon, like a chicken egg). These descriptions as well as
environmental details and gross function are rare in both students’ writings and in textbooks.

Conclusions

The study of students’ ideas about plants was done in the context of a science curriculum, which is sometimes
excessively formal in its approach particularly when seen against students’ spontaneous conceptions. The study
found a mismatch between textbook science and students’ conceptions. Nevertheless, the conceptions held by
students did show some internal coherence and also consistency within groups of students.

Students’ ideas about plants were seen to be influenced by physical and social settings and by textbooks. Mere
presence of plants in the environment did not result in students being aware of them. Everyday use of, and
interactions with, plants and plant products had a greater influence on students’ ideas about plants.

There was a wide gap between students’ spontaneous ideas about plants - which were varied and rich in
ecological content - and the knowledge in the textbooks. Tribal students incorporated in their drawings of plants,
many features that reflected their understanding of ecology. Tribal students’ keen observations were further
evidenced in the many instances they gave of seasonal features. In contrast to textbooks, students gave few
detailed structural descriptions, focusing rather on gross shapes. Tribal students drew.realistic pictures of a
large variety of forest trees, often correct in placement of leaves, fruits and flowers. They frequently expressed
their feelings towards plants and related their feelings about individual trees to their uses, unlike textbooks,
which tend to underplay feelings. The uses, which the students gave, compared well with those cited in
advanced botany textbooks.

Textbooks however depict very few whole plants or trees, and do not incorporate affective or ecological features
in the pictures. Classroom intervention is necessary here. The study of botany can become meaningful to
students only if ecological features, seasonal variations and affective factors are woven into classroom teaching
through appropriate activities and interactions that highlight the relevance of this knowledge in everyday living.

Because of the widely different ecosystems that the country is endowed with, it may not be possible for
textbooks to cover all available varieties of trees. Nevertheless, the tropical forests of the Sahyadri range, which
are home to the tribal students in this study, is an important and geographically prominent ecosystem of the
country and has been discussed in the geography textbook of grade 6. Yet, the connection with biology is
unlikely to be made, since teachers rarely go beyond the textbooks, and different subjects are often handled by
different teachers. Itis unfortunate that there is scant attempt, either in the textbooks or in the classrooms, to
address this gap between students’ awareness of their surroundings and the formal knowledge of botany
required of them.
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Abstract

This action research project was carried out in the UK during 2001. The purpose was to develop a model for
addressing the needs of science teachers and their non-science colleagues with responsibility for education for
sustainability (EfS) within the school curriculum for students of 13-15 years. The aim was to help science
teachers to understand how they could make a contribution to EfS which is complementary to the work of
teachers from other disciplines. It was recognised that topics related to EfS have components that are economic,
political, social, cultural, aesthetic, ethical and spiritual as well as scientific and technological and the problem is
to provide students with a coherent and comprehensive appreciation of environmental issues. An essential part
of the project was to enable science teachers to use their expertise to teach relevant aspects of science that
support EfS. They would also work collaboratively with non-science colleagues who could in turn use their
expertise to contribute different aspects to the same topic. '

The research was based on participatory appraisal, participatory action research and co-operative enquiry
methods; working with teachers and their students. Using these approaches the teachers explored ways of
maintaining and enhancing the integrity of their subject discipline yet contributing to education for sustainable
development. The outcomes are offered as a model for the post-experience professional development of
teachers and it is considered that it can be applied to teaching many curricular areas, particularly those that
relate to students’ values, attitudes and behaviours.

The teachers set their agenda for achieving their objectives using the researcher as a facilitator. Lists of key
areas related to knowledge, skills and attitudes were drawn up. The contributions of science teachers were
identified and similarly for other colleagues. This initial framework was applied to a particular topic, which for
practical reasons was decided should be waste management. This was used to devise an approach to teaching
that was trialed using a collaborative approach with a cohort of students. A practical project was set up in which
teachers worked with their students in planning, implementating, communicating the outcomes and evaluating
the effectiveness of the project. The evaluation involved criteria for knowledge, skills and attitudes suggested by
the teachers and later considered by their students. The results showed that the methodology was effective in
addressing most of the evaluation criteria identified within the aims. Also it was considered that there is wide
potential for using this approach with other pedagogical issues.

Introduction

This paper is concerned with the professional development of practising teachers. It discusses an action
research project using participatory methods that enable science teachers to work with colleagues from other
subject areas in order to address aspects of education for sustainability (EfS). The project, of which this paper is
only part, is to develop new approaches to helping teachers to include EfS in their courses in a way which draws
on their own expertise and is meaningful to their students. The approach is innovatory in a school context and
therefore the description of the methodology is central to research. The project offers a model for this particular
type of approach in relation to many different topics. :

Background

Science has a major role in the delivery of environmental education and EfS in many countries. The high status
given to science in the curriculum may make it appear particularly appropriate for this purpose. However,
science syllabi are already over-loaded and science teachers can give only a limited amount of time to EfS. Also,
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effective EfS requires a broad range of understandings and skills, not all of which are scientific. Much of EfS
relates to economic, political, social, cultural, ethical and spiritual matters as well as the scientific and
technological. Because science education is best suited to developing scientific understanding and skills and
science teachers are often poorly prepared for the task of teaching outside their area of expertise, this often
causes them particular problems and reduces the effectiveness of EfS.

As well as the traditional curriculum subjects schools in the UK have for some years included programmes within
their curricula that have various titles, among these are ‘personal and social education’ or 'personal, social and
health education’ and more recently ‘citizenship education’ (called collectively for the purposes of this paper PSE
type courses). Such courses are taught by a broad spectrum of teachers within each school, many of whom are
not science teachers. The inclusion of aspects of EfS is optional in these courses but many schools ensure that
it is included. The possible strength as well as a weakness of these courses is that they are not assessed
through public examinations. Emphasis is frequently given to providing opportunities for students to explore
issues which affect themselves, their local community and the wider world. Much of this type of content is not
well suited to formal assessment. However, students and their parents often consider such courses to be less
important compared to those involving preparation for examinations.

The study ,

The study set out to address the concerns of science teachers and those involved with PSE type courses when
involved with EfS. The science teachers stated that they lacked the time and expertise to deal with the full range
of issues related to EfS. At the same time they were clear that they were able to teach essential knowledge and
skills which were both central to scientific understanding and contributed significantly to EfS. The teachers of
PSE considered that their expertise in the scientific aspects of EfS was generally too limited and also they lacked
sufficient time to provide appropriate scientific background understanding. However, their courses were well
suited to flexibility and extension to meet the needs of much of EfS, particularly that related to certain skills,
attitudes and values.

In this study 16 teachers from a large urban school, eight science specialists teachers and eight non-science
specialists teaching PSE type courses, worked together to explore their possible respective contributions to EfS.
The students involved were 13-15 years of age. From the outcomes of this study there is good evidence that this
approach to working collaboratively with teachers and students has applications in many parts of the curriculum
where attitudes and behaviours are concerned. :

The participatory methodology used was derived from a mixture of a) participatory appraisal methods
(Chambers, 1992; Gayford, 1996 & 2000), b) participatory action research [PAR] (Tandon, 1989) and ¢)
co-operative enquiry (Heron, 1992). The literature indicated that these approaches are likely to be successful
with people, such as teachers, who are encouraged to feel relatively empowered by the process and who wish to
explore and develop their practice together (Reason, 1994).

The underlying principles of the approach are to a) empower participants b) place value on their experience as
practitioners and c) help them to work collaboratively with colleagues from other disciplines. From these
principles the intention was to develop knowledge and action which could be shown to be directly useful through
a process of collective self-enquiry and reflection (see Fals-Borda, 1988). The benefits were that it should enable
teachers to draw from their own collective fund of knowledge about sustainability and to appreciate the value of
their own expertise. Initially teachers were encouraged to think broadly about methodological approaches with as
few constraints as possible. Throughout the process participants were encouraged and expected to learn from
each other. '

The role of the researcher was to maintain a ‘low profile’, listening and acting as the facilitator in the process;
rather than acting as a leader or expert. The research was intended to be a vehicle for enabling teachers to
reflect on their practice, to work with their students and to use the outcomes to inform future practice. The
teachers and their students were involved in the analysis and evaluation of the outcomes.
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The project led to a short piece of action research and the purpose of the study was to: -

1. provide practising teachers with the opportunity to clarify their aims and objectives in relation to EfS and to
consider their respective contributions,

2. develop a suitable project of short duration with their students,

3. work collaboratively with their students in carrying out the project, -

4. consider criteria for evaluating their approach to EfS and ways of extending the work.

The study fell into four distinct parts:

1. Developing a modus operandi and exploring some basic aims of EfS,

2. Developing a vehicle for teaching aspects of EfS,

3. Carrying out a piece of teaching as action research,

4. Evaluation of the outcomes and identifying possible ways of extending the work.

To facilitate the process two science teachers and two PSE teachers met on two occasions to consider the basic
aims of EfS in item 1 (above) and began the process of developing a collaborative teaching project (item 2
above).
1. The basic aims of EfS were divided into a) key knowledge, b) key skills and c) key attitudes.
Key knowledge included: -
developing a basic understanding of the underlying science and technology; understanding the major
associated environmental issues; understanding the relationship between local action and global effects;
recognising that in order to understand environmental issues it is essential to appreciate that there are
scientific, technological, economic, aesthetic, social, political and ethical aspects; knowing how to take
action and personal responsibility within a democracy.
Key skills included: -
accessing information, analysing information and extracting what is relevant; asking appropriate questions;
evaluating with reasons; communicating understanding in a variety of ways; working co-operatively with
others; identifying the level of personal and collective control for themselves and their group in relation to
particular issues.
With regard to the key attitudes it is emphasised here that the teachers felt strongly that the experience for
students should be both rational and educational; therefore they did not consider it their task to inculcate a
particular way of thinking about the environment which conformed to their own views. Emphasis should on
enabling students to a) identify their beliefs about the outcomes of their own behaviour in relation to
environmental issues; b) to reflect on the norms assumed by their students in relation to their own peer
group and those in positions of authority and c) to develop a critical attitude to information.

2. For the action research a collaborative teaching activity was developed as a model to test whether the
various criteria of key knowledge, skills and attitudes were met. This involved a simple practical waste
management programme within their school. They recognised that programmes of this type would be
familiar to their students, and therefore it would lack novelty. However, they considered that it had several
major advantages, which suited their purpose. In a project of this kind there were distinct scientific and
technological aspects as well as economic, social and other types of issues. They could involve a whole
cohort of their students, it could be fairly simply put into practice and take place over a clearly defined and
short period of time. The outcomes could be evaluated against previously set criteria. Also, they decided to -
encourage student involvement in the planning process. Planning began with an agreed understanding of
the aims in terms of educational outcomes. Students were also involved in the final evaluation.

The outline programme allowed two weeks for preparation and planning with their students, four weeks for
the practical part of the project took and two weeks for analysis, evaluation communication of the outcomes
and consideration of ways in which the project could have been extended. A short period between the
planning of the project with their students and beginning the practical part of the project was allowed for
gathering resources. Rather than plan any further they decided to involve their students in the detail.
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Fig 1.
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3. For students to make decisions about waste management it was considered essential for them to understand -
the nature and origins of the materials involved. Science classes linked their work to the topic ‘materials and
their properties’. Materials were classified in different ways according to their composition and origins; their
uses; their ability to be changed; disposal, including whether or not they were biodegradable. They also
studied the manufacture of familiar materials such as paper, plastic and glass. The use of energy and the
environmental impact of extraction, the manufacturing process and different options for disposal were also
considered. Charts and posters were made by the students to show particular groupings of materials and how
best to manage waste disposal, with particular emphasis on which materials could be recycled.

Fig 2.
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The PSE classes emphasised how to use this information to make decisions about waste management.
Here students were involved in considering their own beliefs about the outcomes of their behaviour in
relation to recycling. Decisions were made initially using the scientific and technological information that they
had, particularly whether materials could be recycled, reused or disposed of in a safe way with minimal
environmental impact. Following this logistical and economic considerations were thought to be important.
For example, the cost-effectiveness of recycling materials and the real costs of recycling or other forms of
waste management. In looking at the alternatives for waste management, such as landfill or incineration the
aesthetic and social aspects were considered. Furthermore the different impacts on the local environment
were reviewed, including both short-term and long-term effects and benefits. Safe and effective collection
and storage of materials for recycling were considered. Ethical concerns also involved conservation of
resources and the wider impact on more distant environments (both regional and global), particularly with
regard to extraction or harvesting of materials such as oil for making plastics and wood pulp for
manufacturing paper. Energy concerns, especially related to the topical subject of climate change was
regarded as significant. Again students constructed tables and posters to show how thinking had developed.

Fig. 3

Environmental Impacts

Local Satety (8 g. Glass bottles, dangerous chemicals)
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water currents
Transporting waste materials for disposal causes air poliution and leads to global
waming

Globhal Lack of recycling, re-use and repair means that m ore materials are needed at
primary sources, in distant environments. Requiring more exraction and harvesting.
Thusmore energy require, depietion ofresources and removal of habitats.

Also, the requirement for more manufadure of goods, leading to the need for moré
energy and creating more poilution.

Decisions were made about the sort of practical action that should be taken and this resulted in a project in two
parts. Firstly they ran a recycling programme in the school, monitoring the actual quantities of each type of
material collected over four weeks. The materials collected were glass bottles, paper and cardboard, plastic
bottles and metal cans. All of these came either from their homes or from school. The second part was to
communicate their findings to others in suitable ways, depending on their audience. After this they evaluated
the outcomes with their teachers and considered ways in which the project could be extended.

To assist the practical collection of the materials for recycling students contacted the local environmental
health department and obtained temporary loan of suitable containers. After each week students monitored
the amount of each type of material that had been collected and decided upon suitable ways of representing
this information graphically and in a tabular form:

When the collection phase of the project had been completed students were asked to consider their own
attitudes to collection and recycling, how the behavioural norms, expectations and attitudes of their own peer
group and of those in authority might have affected the outcome. To assist with this they reflected on the
attitudes of others in the group to their involvement in the recycling programme and whether this affected their
willingness to become involved. Similarly they thought about the attitudes of their teachers and parents. They
also considered what factors might cause them not to recycle materials in the future.

To communicate the outcomes of the project the students produced a website for use in the school, a poster
display for the school and local public library, and they made a presentation to a whole school assembly. An
officer from the local environmental health department was invited into the school to talk to groups of students.
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Fig. 4

The Results of Manitoring the relative amounts of each
type of Material collected
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Week 1 57 17 17 10
Week 2 61 12 ~ 18 ]
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Week 4 53 15 16 15
Average 57.75 14.25 17.25 11

may not equal 100%.

Results are expressed as & percentage of the weekly colfection ty weight.
Percentages are rounded up or down to the nearest whole number and therefare

The overailf weight of materials in week 4, when most malerials were collecled,
was 11.5% more than in week 2, when least was coflected.

4. The students were encouraged to evaluate the outcomes of the project. They considered the aims and
objectives originally suggested by their teachers, which they thought were generally realistic and most of

them had been achieved. Some of these were considered to be of special note, these included; -

information from local government about the cost-effectiveness of recycling schemes; an appreciation that
social and other considerations are as important as the scientific and economic ones; the opportunity to

learn how to access information for themselves from a variety of sources, including the web, local
government and NGOs; knowing how to take action co-operatively and taking personal control. The
teachers also considered that their students had developed a more constructively critical attitude to
information and to the appearance of their local environment and the way that it was managed.

The students stated that the project could have been extended to allow more time to consider the

relationship between the effect of their local action and wider global concerns. They wanted to explore
different schemes for waste management, including repair and re-use of articles. Also, they would have
liked to investigate the effectiveness of local recycling schemes with central pick-up points or kerb-side
collection. The economic aspects of the whole process interested many of them. Furthermore, they thought
that it would be important to see whether the project had a long-term affect on the recycling behaviour of the

students and perhaps their families.

Overall there was general enthusiasm for the project from the teachers and students. This was attributed as
much to the way that it was conducted as to the topic chosen. Motivation remained high due to involvement
of teachers with their students in much of the planning and implementation. Flexibility and the co-operation
of the senior management of the school was identified as being essential and a clear endorsement from the
headteacher was considered particularly helpful. All of the teachers involved said that it was good to work

" with colleagues from different disciplines and although there were few opportunities to work with the same
class of students at the same time there were enough benefits for them to want to repeat the experience

another time, possibly related to another topic.
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m AN ANALYSIS OF LIFE CONCEPTS IN BRAZILIAN HIGH-SCHOOL
BIOLOGY TEXTBOOKS
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Abstract

In a previous work (El-Hani & Kawasaki 2000), we considered how a discussion of life concepts might contribute
to biology teaching, stressing their conceptual organizing potential, as they can give the general object of study
in the broad area of biology a clear profile, organizing our theories and cognitive models about living beings in an
unifying and coherent way (Emmeche 1997, Emmeche & El-Hani 2000). We emphasized how the search for
similar features in biological processes and common patterns in the diversity of living beings, which is an
inevitable part of any attempt to define life, makes a more integrated approach to biological knowledge possible.
The demand for such an integrated approach can be thought of as following from an understanding of the nature
of biology, a fundamental feature in any discussion about biology teaching. El-Hani (2000, in press[a]) and
El-Hani & Emmeche (2000) argue that biology is a science of living organization, critically appraising the
dominating conceptual and theoretical scheme of biological thought, namely, the ‘molecular perspective’. An
understanding of the organizational patterns observed in living beings indicates how it is important in science
and biology teaching to deal with the central, structuring (Gagliardi 1986) concepts in biological thought, in
contrast with the encyclopedic tendency of curricula (El-Hani, in press[b]). Among these central concepts, the
concept of ‘life’ deserves special attention, as it refers to the very object of biology, in its more general sense:
How can we understand the ‘life sciences' without understanding what is ‘life’?

The idea that a discussion of life concepts might contribute to biology teaching incited us to pursue new research
questions: Is there any concern about life concepts in biology teaching? How the problem of defining life has
been dealt with? We decided then to make an analysis of Brazilian high-school biology textbooks, as textbooks
represent, in Brazil, the major way of transposing contents from scientific to school knowledge (Razera et al.
1999; Rodrigues & Oliveira 1999; Silva & Trivelato 1999). The books were selected by combining the results of
two surveys: a) a survey of the most used textbooks in the city of Ribeirdo Preto, Sdo Paulo; b) a survey of the
textbooks published by the companies that dominate the selling market in that same city. We have already
analyzed 8 from a total sample of 20 books. Therefore, the results reported in this paper should be regarded as
partial. The analysis of the textbooks was performed by applying a standard protocol, in order to guarantee a
standardized appraisal of how the textbooks dealt with the problem of defining life and life concepts (Figure 1).

From the 8 books analyzed, 5 presented a definition of life. Four books defined life on the grounds of an
etymological definition of 'Biology’ as the science that studies living beings or life, in opposition to non-living or
inanimate beings. One book (that also employed the definition of ‘Biology’) defined life on the grounds of an
etymological definition of the term ‘vitae', interpreted as referring to a set of attributes that maintain the living
beings in endless activity. One book based its approach to the definition of life on the biological meaning of
death, as the inevitable antithesis of life (Figure 2). All books agreed about the complexity involved in trying to
define life, given that some organisms cannot be properly placed in the set of living beings through certain lists of
common characters.

All the books analyzed put forward some characterization of living beings. Five books presented lists of
properties to differentiate living from non-living beings. Three books characterized living beings by means of a
general description of taxonomic groups that highlighted the attributes of each group (Figure 2). In six books
(Figure 2), the lists of properties were interpreted as essentialist (Emmeche & El-Hani 2000), as they intended to
enumerate necessary and sufficient conditions for an entity to be classified as a member of the set of living
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beings, with no theoretical justification for the choice of the properties or explanation of their coexistence on the
grounds of some underlying theory. An emphasis on the description of morphological and anatomical features -
characterizing groups of plants and animals reinforced the search for lists of essential properties. In two books
(Figure 2), the lists of properties were interpreted in terms of a paradigmatic view of life definitions (Emmeche &
El-Hani 2000), given that the choice of properties seemed to be based on a theoretical (paradigmatic)
justification, and the properties showed clear interrelations with one another. In this case, the meaning ascribed
to the term 'life’ or its derivatives emerged from its connections to the other elements of a network of concepts
included in a given paradigm. When the properties listed are interconnected in the context of some paradigm,
the list is no longer, as in the case of essentialist definitions, something like a medical syndrome, a collection of
symptoms with no underlying cause. Rather, it is possible to explain the characteristic coexistence of that list of
symptoms of life on the grounds of some set of causes. To put it differently, when a definition of life is embedded
in a biological paradigm, it is possible to find underlying causes to what previously seemed to be merely a
syndrome (Bedau 1996). In the textbooks where we found paradigmatic definitions, the paradigms could be
implicit or explicitly stated. Amabis & Martho (1997), for instance, clearly presents the idea of evolution as an
unifying principle of Biology, as it gives coherence to the biological knowledge produced in several different
areas and allows one to understand the phenomenon of life through its interconnections to the evolutionary
process. They write that “to comprehend the evolutionary process is fundamental to an understanding of the
phenomenon of life” (p. 549). The same is not true of Paulino (2000), who presents a coherent set of interrelated
properties, based on a view of the scope of the Biological Sciences as well as of the way the living world is

" organized, from the simplest to the most complex levels of organization, suggesting the existence of some
theoretical justification for their choice; nonetheless, the paradigm at stake is not explicitly stated.

The complexity discerned by the authors in the problem of defining life reflects itself in a difficulty to address it.
Only three books include a specific chapter or section about this issue (Figure 2). Some authors explicitly state
the difficulty of defining life: “But, as it is exceedingly hard to define what is ‘life’, from a strictly scientific point of
view, with no philosophical or religious influences, we believe that a good way of conceptualizing Biology is to
recognize it as the science that studies living beings. Because, at last, to say what are living beings is quite easy.
It is enough to say that they are all beings in Nature which present a series of common characteristics...” (Soares
1999:28. Our translation). In this interesting passage, we find several issues worth discussing, as, for instance,
the fear of any philosophical influence on a scientific discussion about life definitions, which is not compatible
with a thoughtful analysis of concepts so general as that of ‘life’. Or the paradoxical claim that it is easy to say
what are living beings, while it is exceedingly hard to define what is ‘life’. And, finally, we have in this passage a
very clear example of an essentialist approach to a characterization of living beings. Here, it is worth observing
that Soares (1999:52) also conceives heredity in connection with an essentialist view when he claims that the
living beings transfer to their descendants a set of characteristics that define life and are not observed in
inanimate bodies. Laurence (2000:16), by his turn, recognizes the difficulties faced by any attempt to propose
lists of distinctive characteristics of living beings: “In Science, it is very difficult to define or even characterize
some thing or phenomenon, because we often find exceptions. Thus, when studying, we should be aware of the
fact that the statements, generally speaking, refer to what is more frequent, to what happens in the majority of
the cases or individuals. Although it is quite interesting to know the exceptions, we should not emphasize these
exceptions in a high-school level course” (our translation). This passage is found in a chapter about the
definitions of Biology and life, and is explicit about the difficulties resulting from an essentialist view of defi nitions.
The existence of ‘exceptions’ is regarded as so huge a problem that it becomes difficult to define or even
characterize the phenomena studied by the sciences. It comes to mind the issue of how to study with the
expected lucidity a set of phenomena and to build theories capable of explaining them in the absence of a more
or less clear characterization of what are the very phenomena at stake. As a paradigmatic view of definitions
releases us.from the requirement of listing necessary and suffi cient conditions for identifying in an essential and
definitive way what are the phenomena that fall in a certain class, it makes it possible to clearly delimit, based on
an precise theoretical justification, what are the phenomena in the domain of a given science.

Although most books do not include a chapter or section on the concept of life, it is possible to draw some
general ideas about this issue from the texts, through an analysis of how the authors think of biology, the making
of science, the scope of the field, the organization of the contents, etc.
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It is usual the classification of living beings in a growing order of complexity, from the simplest to the most
complex, so that they are arranged in groups of ‘lower’, ‘intermediate’ and ‘higher' beings. This view is
reminiscent of one of the most influential ideas in Western thought, that of a scala naturae or Great Chain of
Beings (Lovejoy 1936), which persists in the views about the evolutionary process emphasizing progress and
perfectability. Even though this idea has been criticized in several works about the nature of evolution, it remains

_in biology textbooks, even in higher education. When the living beings are thus presented in the textbooks, one
can discern a tacit idea that the understanding of small entities, in the micro-levels, is fundamental to the
understanding of larger entities, in the macro-levels. Nonetheless, a mere discussion of living beings in
supposedly higher and higher levels of complexity (cf. Salthe 1985:34) does not guarantee any understanding,
say, of the intricate relationships between micro- and macro-level structures in multicellular organisms.

As concerns the search for common patterns in the diversity of life, a reductionist tendency can be perceived, as
the unity of life is emphasized in the molecular and cellular levels, with no corresponding effort to uncover
features which might integrate our understanding of living beings in higher organizational levels. One cannot lose
from sight, however, that such a problem is also found in university biology textbooks. If the cell was formerly the
unit of life, now we have the gene, DNA and even proteins. It is not that there would be any problem in searching
for a unity in the diversity of life. Rather, this endeavor could foster an integration of biological knowledge,
especially if supported by some paradigmatic understanding of the phenomenon of life. The problem lies in the
disproportionate emphasis on the micro-structure of biological systems, usually in an approach tending to isolate
molecular and cellular structures from the organismic and environmental contexts. This approach can be verified
in the fragmentary way the textbooks deal with the levels of complexity, making it difficult to understand, for
instance, that the relations of living beings to each other and to their environment depend on their internal
organization.

Another reductionist tendency is found in the way the phenomenon of life and the molecular or biochemical level
are presented as closely related, while other views on life are relegated to a less important rank. It is likely that
this view follows from a fallacious reasoning based on the true premise that to grasp the basic features of the
organisms’ chemistry is fundamental to a deeper understanding of life. Soares (1999:66), for instance, states
that “the study of the chemical composition of the cell constitutes what we call Cytochemistry, Molecular Biology,
or Cellular Biochemistry. It is a vast, modern and intrepid study in which we seek to understand the most intimate
nature of each phenomenon that takes place inside a cell, in a fascinating investigation to explain each normal or
abnormal process of the organism, justifying the nature of diseases, trying to correct or avoid them, and
understanding life itself better. It is clear that the biochemical nature of living beings is quite particular to each
species or individual. But we can perform a global evaluation and thus have a general view of this spectacular
chemistry that so well differentiates the living systems from the inanimate matter, that is, the living from the
non-living” (our translation). This passage suggests that life will be better and better understood as our inquiry
delves more and more into the micro-structural levels of living beings. Nevertheless, when assuming such an
approach, we should not underestimate the risks of losing from sight the need for an understanding not only of
the molecular and cellular components of living systems, but also of the organizational principles by means of
which the very systems which we classify as living can emerge from those components. Notice, for instance, the
claim that diseases can have their nature ‘justified’ simply through research in cellular and molecular biology.
Such a view about diseases overlooks the focal level (sensu Salthe 1985) where pathological processes
themselves usually take place, involving not only cells and molecules, but, above all, tissues, organs, and
organic systems. It conflates the molecular and cellular mechanisms involved in the pathological process with
the pathological phenomenon itself.

We also found in the analyzed textbooks an informational view of life. Amabis & Martho (1997:142), for instance,
claim that “the nucleus stands for the ‘information center’ of the cell. It can be compared with the memory of a
computer and stores thousands of instructions to make cellular proteins. Given that these molecules rule almost
all activities of the cell, the nucleus plays the role of an indirect controller of the cellular metabolism. One of the
greatest recent scientific discoveries was the deciphering of the ‘language’ employed by the nucleus to
communicate with the cell. This language is the genetic code” (our translation). All the instructions to the
functioning of the cell would be written, in code, in the DNA molecules. The genetic program metaphor, much
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criticized in the literature (e.g., Levins & Lewontin 1985; Nijhout 1990; Smith 1992, 1994; van der Weele 1995;
El-Hani 1995, 1997, Oyama 2000), is clearly stated in this characterization of the genetic material as a
controlling program of the cellular metabolism. Among several misunderstandings and difficulties resulting from
this metaphor, we have the problem that it emphasizes a purely informational conception of life. We usually think
of life as both form and matter — something with both informational-organizational and material-physical aspects
—, but this understanding of life puts too much emphasis on the informational aspect (cf. Emmeche 1997).

The textbook sections about the origins of life contain important issues concerning life concepts. The treatment
of this problem revolves around the possibilities of an origin by divine creation, or chemical evolution, or in some
extraterrestrial place. In these sections, the question of the evolution of processes that would make life possible
is raised, e.g., how energy could be obtained by a system in order to maintain itself aggregated and organized
for some time, isolating itself from the environment and multiplying itself (Amabis & Martho 1997). Life would
appear when an aggregate of molecules, endowed with the ability to perform ordered chemical reactions,
extracting from the environment raw materials and energy, managed to maintain its organization and isolate
itself from the environment. Soares (1999:71), for instance, states that the cell individuates itself through the
differentiation of the intra- and extracellular media. It appears, then, the idea of closed and self-organized
systems, which could be explored by means of Maturana and Varela's theory of autopoiesis. We did not find, -
however, any book that addressed the circular, self-referential organization of living systems by employing the
conceptual resources of this theory.

The textbooks call attention to the alleged borderline instances between living systems and inanimate matter, in
particular, to viruses, understood as exceptions. Viruses and other molecular structures showing distinctive
properties of both inanimate matter and living beings seem to be exceptional because they contradict our
intuitions about the distinction between these two classes of entities. As living beings, we have a deep conviction
that, in principle, we do know what is life and no remarkable difficulty should appear when we try to distinguish
between a living being and something inanimate, or between the living and the dead states of organisms. This
distinction becomes difficult, however, when we consider equivocal cases such as viruses, viroids, prions, or a
biochemical soup of RNA fragments in a laboratory. To cast them aside as exceptions seems to be, at first, quite
a natural and easy solution. But a thoughtful analysis can suggest that this solution is not so adequate.
Emmeche (1997), for instance, does not consider viruses as borderline cases, but as pathological forms of life, a
kind of ultimate parasites, as they presuppose in the functional and evolutionary sense the existence of living
cells. Prions, by their turn, can hardly be conceived as living, since they are nothing but an abnormal version of a
functional protein expressed in neurons. Due to a mistake in the post-translational modification of this protein, a
non-functional version is produced, the prion protein. The gene that codifies the prion protein is in the host itself,
so that the prion lacks genetic material and, in fact, cannot do copies of itself in the same sense as typical living
beings do. The prion protein simply catalyzes the very chemical reaction that results in itself. Surely, it may exist,
and maybe even necessarily exists, borderline instances between living beings and non-living matter.
Nonetheless, what seems strange in the above solution is that it follows necessarily from the attempt to propose
lists of necessary and sufficient conditions for life. Thus, the characterization of viruses and other structures as
borderline cases may be a reflection more of the inadequacy of our defining procedures than of the nature of
what we are trying to define.

It is also interesting to examine the difficulties that follow from the classification of viruses as living beings.
Amabis & Martho (1997), for instance, claim that, even if viruses do not show a cellular organization, they are not
exceptions to the Cell Theory, as they obligatorily needs a living cell to live and reproduce. This argument is not
sufficient, however, for avoiding a violation of the Cell Theory by viruses, as this theory states that the cell is the
basic structural unit of all living beings, and this does not hold in the case of viruses, no matter whether they are
strictly dependent on cells or not.

Two textbooks (Amabis & Martho 1997, Marczwski & Vélez 1999) address the Gaia hypothesis, in which the
Earth is seen as a planetary living being and our own species as a part of this living wholeness, as one of its
tissues. It is important to stress, however, that the claim that the Earth is living strains the ordinary concept of life
(Bedau 1996), and demands a justification through a proper conceptual analysis. Lima-Tavares & El-Hani (2001,
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2002) made such an analysis, showing how difficult it is to justify this claim and suggesting that it should be
clearly detached from the hard core of the Gaia hypothesis or even eliminated.

Finally, one finds in the analyzed textbooks a discussion about death, from the biological point of view, as the
inevitable antithesis of life. Or, to put it differently, a characterization of life from its counter-example, death.
Laurence (1999:17) observes that one of the characteristics of living beings is death, and, then, casts doubt on
the claim that an amoeba dies, since it divides itself indefinitely. After concluding that, in favorable conditions,
amoebae never die, he raises the question: “Or do they die always?". Amabis & Martho (1997:601) claim that a
deep reflection about life should take death in due account. At last, all living beings are subjected to death. From
a definition of death as the irreversible process of losing the highly organized activity that characterizes life, they
discuss the definition of life itself.

Emmeche (1997) observes that definitions of life are seldom discussed in depth or even mentioned in biology
textbooks and dictionaries. Emmeche (1997), Emmeche & El-Hani (2000) and Bedau (1996), among others,
regret the fact that critical and systematic reflections about the nature of living beings and life concepts are rare
in the history of biology. Emmeche (1997) and Emmeche & El-Hani (2000) discuss the skepticism about the
possibility of defining life that is frequently found among biologists. Therefore, it should be regarded as a positive
aspect that the biology textbooks we examined here, albeit recognizing the difficulties involved in defining life, do
not avoid the discussion about how one can characterize living beings, differentiating them from inanimate
matter. Moreover, it is even more pleasing to notice that some books explicitly deal with the problem of defining
life. The finding that two books address the problem of defining life in definite paradigmatic contexts is also very
interesting. Nonetheless, essentialist efforts to define life through lists of necessary and sufficient properties still
predominate in the analyzed textbooks. At least part of the skepticism about the attempts to define life is related
to the difficulties faced in proposing definitions of life in such an essentialist manner (Emmeche & El-Hani 2000).
It is desirable, then, to address this problem in a non-essentialist manner, inasmuch as this is compatible with
population thinking. Paradigmatic approaches to the definition of life can be very fruitful in the pedagogical
transposition of the discussions about life concepts from theoretical biology to school knowledge. In particular,
the neo-Darwinist paradigm, in which life is understood in terms of the natural selection of replicators (Emmeche
1997, Emmeche & El-Hani 2000), seems to be especially adequate for such a transposition. The theory of
autopoiesis may also be used as a basis for a discussion of life concepts in high school, when issues such as
the origins of life and cellular metabolism are dealt with.

Analyzed textbooks

AMABIS, J. M.; MARTHO, G. R. Fundamentos de Biologia Moderna (2'“’ ed.). S&o Paulo: Moderna. 1997.

LAURENCE, J. Biologia (1! ed). S&o Paulo: Nova Gerag&o. 2000..

LOPES, S. Bio (1% ed). S&o Paulo: Saraiva. 1999.

MARCZWSKI, M.; VELEZ, E. Ciéncias Bioldgicas. S&o Paulo: FTD. 1999.
MORANDINI, C.; BELLINELLO, L. C. Biologia. S&0 Paulo: Atual Editora. 1999.

PAULINO, W. R. Biologia — Série Novo Ensino Médio (5th ed.). Sao Paulo: Atica. 2000.

SILVA, CESAR; SASSON, SEZAR. Biologia (1St ed.). Séo Paulo: Saraiva.1998.

SOARES, J. L. Biologia no Terceiro Milénio: Biologia Molecular, Citologia e Histologia. S&o Paulo: Scipione.
1999.
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Figure 1: Standard protocol to analyze life concepts in biology textbooks

1. Textbook identification:
Code:
Title:
Publisher:
Author(s):
Edition:
Publishing year:
Number of pages:
Grade:
Teacher's Manual ( ) Yes ( ) No Activities Manual ( ) Yes ( ) No

2. Does the textbook discuss the problem of defining life?
()Yes ()No

3. Does the textbook somehow discuss some characterization of living beings?
( ) Yes. How? ( )No

4.  As to the nature of the life definition(s) presented (if there is any):

( ) The definition of life proposed is limited to a list of properties, seeking to
characterize what a living being essentially is and what a non-living being
essentially is (essentialist view). To put it differently, it is the case of trying to
find a list of sufficient and necessary properties for a system to be
characterized as living, with no theoretical (paradigmatic) justification for the
choice of properties.

( ) The definition of life proposed includes a set of properties chosen under
the light of an implicit theoretical (paradigmatic) justification, forming a
coherent set of interrelated properties.
( ) The definition of life proposed explicitly situates the life concept in a
biological paradigm, trying to give this concept a meaning by connecting it
with other concepts in that paradigm.

5. 'What is the list of properties presented by the textbook (if there is any)?

6. What is the paradigm in which the textbook includes, implicitly or explicitly,
the life definition (if there is any)?

7. What is the definition of life presented by the textbook, if there is any?

8.  Are the remarks about the definition of life reflected on the treatment of other issues
in the textbooks, or are they isolated from the remainder of the book?
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Figure 2: A summary of the findings. Question 1: a. Textbooks that defined life on the grounds of an
etymological definition of ‘Biology’. b. Textbooks that defined life on the grounds of an etymological definition of -
the term ‘vitae’. ¢. Textbooks that based its approach to the definition of life on the biological meaning of death.
Question 4. a. Textbooks that presented lists of properties to differentiate living from non-living beings. b.
Textbooks that characterized living beings by means of a general description of taxonomic groups highlighting’
the attributes of each group. Question 5. E. Essentialist list of properties, allegedly including sufficient and
necessary conditions for a system to be living. T. Set of properties chosen under the light of an implicit
theoretical (paradigmatic) justification. P. Life concept explicitly situated in a biological paradigm.

2: Does the 3. Does the 4. Does the textbook 5. What is the
Questions/ 1: Does the textbook textbook textbook present a list of nature of the life
uBes ';’ ns present a definition of discuss some discuss the properties to definition or
00KS . life? characterization problem of characterize living characterization
of living beings? defining life? beings? presented?
YES NO | SIM NAO SIM NAO SIM NAO | E T | P
a b | ¢ ‘ a b
1 X X X X ' X
"2 X X X X X
3 X | x X X
4 X X X X
5 X X X X X
6 X X X X X
7 X X X X X
8 X| X[ X X X X X
Analyzed textbooks:
1) PAULINO, W. R. Blologla_Séne Novo Ensino Médio (5th ed.). S&o Paulo: Atica. 2000.
2) LOPES, S. Bio (1% ed). Sao Paulo: Saraiva. 1999.
3) SILVA, CESAR SASSON, SEZAR. Biologia (1St ed.). Sdo Paulo: Saraiva.1998.
4) MORANDINI, C.; BELLINELLO, L. C. Biologia. S&o Paulo: Atual Edltora 1999.
5) AMABIS, J. M.; MARTHO G. R. Fundamentos de Biologia Moderna (2" ed.). S4o Paulo: Moderna. 1997.
6) SOARES J. L. Biologia no Terceiro Milénio: Biologia Molecular, Citologia e Histologia. S&o Paulo:
Scipione. 1999.
7) MARCZWSKI, M.; VELEZ, E. Ciéncias Biol6gicas. S&o Paulo: FTD. 1999.
8) LAURENCE, J Biologia (1s ed). Sao Paulo: Nova Geragéo. 2000.
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Abstract

South Africa is in a complex transition, following the birth of democracy and a ‘new nation’ in 1994 and re-entry into
the global economy. Science education faces critical responsibilities. In cities, townships and rural communities, it
must bring together the demands and opportunities of globalisation, the re-energizing of local knowledge and
lifestyles, and the crisis of HIV/AIDS. The demands are often antagonistic. Education for the global economy
assumes students have high confidence in their futures and creativity, but with HIV/AIDS, perhaps 25% are
terminally ill. Western science, especially in the context of globalisation, presents itself as an imperative and
superior way of knowing, yet often contradicts African beliefs. Many in rural communities are only dimly aware of
globalisation and HIV/AIDS, seeing them skeptically, as threats to established beliefs and lifestyles.

Education policy in South Africa has been keenly attuned to economic development, multiculturalism and
redress of inequities, but not to the development of HIV/AIDS. Curriculum policy has as its foundations
learner-centred, outcomes-based education. The set outcomes strongly support the globalisation agenda, and
guide the development of local cultures. To achieve learner-centredness, curriculum design and assessment are
largely devolved to schools and teachers. Innovation and discussion have sought curriculum designs that bring
together Western sciences and indigenous knowledges. However, there has been little exploration of the ways in
which students’ interests, motivation and educational purposes might be affected by the HIV/AIDS pandemic.
How might schools and curriculum respond? This paper explores these issues in the South African context.

Introduction

In the mid 1980s, a number of shifts emerged internationally with profound effects in South Africa. Cracks
appeared in the economies and structures of communist states in Eastern Europe, the USSR and China,
heralding the spread of capitalism across the world. Business and governments, especially in UK and USA,
seized upon market shifts from primary and secondary industries to ‘value-added production’, and supported
them with laws that promoted ‘free markets’, individuality and competition. Computer-based technologies
became cheaper and more powerful, and found applications in all dimensions of business and education. In
South Africa, international sanctions and pressures on the Apartheid government combined with the power of the
liberation struggle, paving the way for the nation’s first democratic elections. Blacks, Coloureds and Indians -
who comprise nearly 90% of the population — in 1994 became full participants in the nation’s governance. The
new government emphasised reconciliation and participation, promoted through institutions such as the interim
Government of National Unity, and the Truth and Reconciliation Commission. It was a time of hope, joy and
confusion. Meanwhile, also in the mid eighties, the existence and threats of HIV/AIDS were identified, locally and
internationally, and the disease was quietly spreading (Coombe 2001).

For South Africans in 1994 the immediate experiences of liberation were freedom of movement, freedom of
association, and new relationships with the police and government. For government, the tasks were to dismantle
the structures and laws of Apartheid, develop new policies, invent systems of governance and administration,
integrate the nation into the world economy, and, through it all, maintain a functioning system (Department of
Education, 2001a). The work was begun in the face of national debt, a struggling economy (still based in primary
industries), and a shortage of skilled people (for education under Apartheid had greatly privileged the White
minority).

In all of this activity, the tensions between globalisation and localization, economic development and social/
cultural development were (and are) critical. South Africa rates as the most inequitable country in the world, after
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Brazil (Department of Education, 2001a; May, 1998), with disparities in education, health, income, infrastructure
and services still tied to ethnicity, gender and location. Social transformation depends on engaging cultural
diversity and building participation. The lives, histories and cultures of Black South Africans had to find
expression. Economic development depends largely on individuals with skills, confidence and creativity, and
access to technologies, capital and infrastructure (Castells, 2001). The new South Africa had to support existing
talents, and also bring into the economy those who had been marginalized, historically.

My purposes are to explore ways in which globalisation and multiculturalism can be brought together in the
science curriculum, in the light of the HIV/AIDS pandemic. | will consider the three phenomena separately, and
then together.

Globalisation: creativity, production and inequality

At the center of globalisation is the globalisation of financial markets (including movement of capital and the
integration of capital with markets), enabled by financial deregulation and the liberalization of cross-border
transactions. Globalisation of trade, production, science, technology and information have arisen in parallel. The
essence is networking: sharing information and enabling cooperation, production and management across
national borders (Castells, 2001). Networks are not uniformly distributed within or across nations: they can reach
into any nation, for any stage of the production process, and at any scale of production. The values that drive the
networks are production, creativity and efficiency ~ all market related values (Carnoy, 2001, Castells, 2001). The
market often presents itself as a kind of democracy and moral judge: if the people buy that product or service, it
must be ‘good'.

Globalisation has dramatically increased productivity and innovation; shifted the economic value of industries
and skills; and promoted the restructuring of labour and education. Individualism, competition and the ‘morality’
of the marketplace have been important ideologies, encouraged by governments and business (Carnoy, 2001).
Unions and the ‘community of the workplace’ have been weakened. Similarly, because education and the search
for talented individuals reach across social classes, class definitions of identity have been weakened.

In spite of increased productivity, poverty and inequality — within and between countries — have deepened. As
llibury and Sunter (2001) observe, “to the victor the spoils”. Castells (2001) distinguishes between inequality,
poverty, polarization and social exclusion. Inequality might be acceptable, if riches and opportunities were
distributed so that the poor as well as the rich were better off. This is the oft-promoted ‘trickle down’ effect. The
number of people below the poverty line has declined in some countries, such as India, China and Chile (who
were starting from a low base), but in others, such as USA, Germany and South Africa, it has increased
(Castells, 2001). Polarization has also increased: the rich are getting richer and the poor poorer. Social exclusion
has also increased. Most of the poor are-left to seek other ways of surviving and shoring up their self worth.
Promotion of cultural identity and local community become especially important, for individual well-being and for
the nation.

Governments in developing countries are under pressure. They have to join the global economy, knowing it can
increase productivity, markets and national development, and that isolation is impossible. They reduce taxes and
tariffs in order to attract investments, and distribute control so as to facilitate flexibility and creativity. These
choices reduce the funds available for social spending, and the state’s control over national development. To
become competitive (Carnoy, 2001) governments must raise education levels (especially in sciences), extend
infrastructure and access to technologies, and build social cohesion, trust, health and well-being (including the
containment of crime.) This requires social spending. So does HIV/AIDS. In South Africa, these strategies are
planned, but hampered by resources and capacity (Department of Education 2001a, 2001b).

In education, the provision of qualified teachers, buildings, electricity and school toilets is improving, participation
in general education in nearly universal, though achievements are poor (Department of Education, 2001a). In
higher education, between 1991 and 1998, the number of Black graduates increased by a factor of 2.7 (SAIRR).
However, inequities persist in sciences. In higher education, Whites (who comprise about 10% of the population-
overall) outnumber Blacks 2:1 in engineering, 3:1 in computer science, and 8:1 in industrial arts (SAIRR, 2001).
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Inequality amongst the Black population is now almost as high as for the nation overall (May, 1998).

The management and nature of globalisation will change (Carnoy, 2001, Castells 2001, llibury and Sunther,
2001). The current system is not sustainable, even in its own terms. The global financial system is rickety, and
satisfactory methods of regulation do not exist. Second, ever-increasing production requires ever-increasing
markets: the 30% of the world’s people who are rich need the buying power of the others to maintain the system.
Third, polarization, inequity and exclusion create conditions of instability where malaise, crime and revolution
threaten economic activity itself. :

There are also moral arguments. People around the world are more aware than ever of human connectedness,
and cultural diversity. They know also the depth of inequities and atrocities, and can join in a moment
international networks of protest. Kofi Annan, in his acceptance of the 2001 Nobel Peace Prize, said it clearly:

No-one today is unaware of this divide between the world’s rich and poor. No-one today can
claim ignorance of the cost that this divide imposes on the poor and dispossessed who are no
less deserving of human dignity, fundamental freedoms, security, food and education than any of
us. The cost, however, is not borne by them alone. Ultimately it is borne by all of us... Today's
real borders are not between nations, but between powerful and powerless, free and fettered,
privileged and humiliated. Today, no walls can separate humanitarian or human rights crises in
one part of the world from national security crises in another...

Annan, 2001.

Globalisation requires of the science curriculum a strong emphasis on technical competence in Western science
and skills in problem-solving, applications, etc, but more. In working towards that emphasis, it has also to
respond to the cultures and experiences of diverse groups — as a means of involving them in science education,
and as part of strengthening their communities in and beyond the school.

Cultural differences

Colonialism and Apartheid wounded South Africans deeply. For centuries, Whites asserted the superiority of
their sciences, cultures and wisdoms — through rule, law, social structures and public administration; through
language, education and attitude. The effect for Blacks was damage to their beliefs in their names, cultural
histories, struggles and achievements. Many responded ambivalently, proclaiming their own cultures, yet in the
same breath distancing themselves from their roots. New clothes, new languages, new sciences. Barbara
Kingsolver captures the confusion in her novel, The Poisonwood Bible. Leah is upset because the African boys
at the local school refuse to let her teach them. She talks about it with their African teacher.

“Understand first, you are a girl... And second, you are white.”

“White”, | repeated, “Then they don't think that white people know about long division either?”
“Secretly, most of them believe white people know how to turn the sun on and off and make the
river flow backward. But officially, no...”

Kingsolver, 1998:p280

The birth of South African democracy provided a keenly awaited space for African cultures. Ancient myths were
revived and histories reframed, traditional rites and dances moved into the open. People reclaimed their African
names, and the new government declared eleven official languages. Cultural development and cultural
borrowing were now choices. Western science is one of those choices.

The place of Western sciences in the curriculum is not in doubt (Department of Education, 2001b). The
predictive accuracy of their theories, and the power of the procedures that generated them, are unquestioned.
Whether of not the theories are ‘true’ representations of ‘reality’, they say important things about reality, and
warrant serious study. Secondly, Western sciences — notwithstanding blunders along the way — have
demonstrated the contributions they can make to production, communication, travel, environmental
management, medicine, agriculture and war. Western sciences have instrumental value. Third, they are central
to international discourses on science-related matters.
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On the other hand, Western sciences often conflict with African ways of knowing — especially as they are usually
presented in schools. Curriculum materials, texts and examinations usually present science, simplistically, as
reductionist (understanding complex systems by studying their component parts), compartmentalized (this is
science, that is religion, or sociology, or politics), objective (independent of the observer), positivist (describing
reality 'out there’), and mechanistic (change occurs through interactions and energy transfer). These tenets do .
not sit well with African worldviews, which emphasise the continuity of subject and object, matter, mind and spirit,
human and non-human, living, once-living and non-living, natural and supernatural, individual and community
(Jegede, 1998; Ogunniyi et al, 1995). These continuities are central to ubuntu: “I am through others; because we
are, therefore | am.” Ubuntu is about harmony (Boon, 1996; Schneider, 1997). Further, contrary to the usual
scientific axiom of reproducibility, African experience is that some people have ‘special hands’, so that one cook
will always produce better food than another, one gardener better vegetables than another, one experimenter
different results from another (Khumalo, 2001). These variations are not reducible to chance or failure to follow
instructions, but depend on powerful influences (for which supporting evidence is available). Chance and
coincidence are dismissed as causal explanations: the interesting question is not whether the anopheles
mosquito spreads malaria, but why that mosquito bit that woman. Western science shrugs off such questions;
sangomas and inyangas don't. Thus, for many Africans, Western sciences are limited at heart by their axioms,
their compartmentalisation and the narrow scope of their explanations.

Conflicts between African beliefs and Western sciences also arise as part of day-to-day activity. While most
African sayings and teachings — about nature, environmental management, production, human relationships,
health and safety — are consonant with Western sciences, some are not. For example, many Africans believe
that covering water containers or sprinkling muthi (special potions) around a house provide protection from
lightning. These teachings come with the authority of traditional wisdom, and have implications for safety. More
serious is the oft-quoted belief that having sex with a virgin cures HIV/AIDS - a belief that not only spreads the
disease, but promotes male domination and child abuse. Instances such as these bring the science curriculum
face to face with moral responsibilities: to what extent should the curriculum question and seek to change such
beliefs?

School science in South Africa, until recently, avoided such conflicts by treating science as discipline-based sets
of abstractions and algorithms derived from laboratory experiments. Where links were sought to ‘daily life’, they
usually privileged European and urban experiences — billiard balls, cars, electrical appliances, industrial
processes. Students responded, for the most part, by regarding their school science as a closed system of texts,
problem sheets and tests, not meant to connect to life outside. At a personal level, they practiced various forms
of ‘border crossing'(Aikenhead 1996), ‘collateral learning’ (Jegede, 1998) and ‘contiguity learning’ (Ogunniyi,
2002). And in all domains of science learning, African students have to contend with working in a language (and
culture) other than their own.

The science curriculum has to link Western sciences to students’ lives, beliefs and languages, and raise for
critical discussion different beliefs and knowledge systems. These requirements go beyond the demands of
globalisation, but are compatible with it.

HIV/AIDS

The dreams, plans and lives of South Africans are all threatened by HIV/AIDS. Millions of South Africans are
HIV-positive. In 2000, 40% of deaths for people aged between 15 and 49 — the productive years — were due to
HIV/AIDS. Incidence levels are estimated at about 25% nationally. In KwaZulu Natal Province, the rate is about
33%, and in some districts more than 50% (Badcock-Walters, 2001). Prevalence rates are as high or higher in
universities, technikons and nursing colleges as in the general population, striking at the country’s future leaders
as surely as the general workforce. The estimates may be conservative, and in any case, are so high that
infection rates could escalate rapidly. Even if the spread of HIV were curtailed, the progress of current infections
will shortly yield horrific social, personal and economic devastation. In families, communities, workplaces and
schools, children and adults will increasingly be called on to tend to their sick, and divert money, time and
emotional energy to the dying. By 2015 orphans are likely to constitute over 10% of the population (Coombe,
2001). '
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The nation’s response over the last two decades has been half-hearted and largely biomedical, focused on
preventive drugs, community awareness and safer sex (Coombe, 2001). The response has been inflected with
denial and compounded by silence, because of the social stigma widely attached to the disease and the
behaviours that spread it. Religious groups, with notable exceptions, have not helped, by refusing to promote
condoms and, in some cases, defending HIV/AIDS as ‘God’s punishment’ to the infected. The President and the
government have added to the confusion by questioning the relationship between HIV and AIDS and arguing
about the statistics (Coombe, 2001).

The biomedical emphases, the focus on “AIDS awareness” and the provision of condoms have had little
success; the disease continues to spread and is now pandemic. HIV/AIDS strains in South Africa, though
different from strains in other parts of the world, appear to be no more infectious, suggesting that the pandemic
here has arisen through social, economic, cultural and political conditions (Coombe, 2001). Values, knowledge,
actions and the interactions between them are critical, and to some extent social/cultural. Unsafe sex and abuse
of females continue, and women aware that they are HIV positive have babies and breast-feed them, in spite of
knowing about the disease and the possibilities of infection.

Understanding of the complexity of ‘HIV/AIDS the pandemic’ is only beginning to emerge. Absenteeism and
attrition from work and school are increasing, under a growing cloud of sadness, trauma, lives lost and lives
diverted. Simply to maintain schools, businesses, health services, transport systems, etc. — quite apart from
developing them — is now grasped as a formidable challenge.

Forward planning is not easy. Science teachers will be lost from the system not only as a result of infection,
direct involvement and emotional stress, but to fill vacancies in business and industry. Modelling teacher supply
and demand is fraught, because of inaccuracies in measures of incidence, uncertainties in the ways the
pandemic will develop, and the complexities of forward projection. Existing projections, however, suggest that an
immense shortage of science teachers will emerge, in spite of reductions in student numbers (Badcock-Walters,
2001). It takes 3-4 years to train a teacher, longer for a head of department, principal or regional manager.

Provision of personnel is only one aspect of the pandemic. Schools and teachers are at the ‘front line’ through
their direct involvement with children and families. Principles and teachers will need skills, management
structures and emotional strength not foreseen in their training. The first responsibility will be education about
living with HIV/AIDS — not only as part of “Life Skills” programmes, but throughout the curriculum. Science has
‘obvious roles in this. One thrust will be to curb the spread of the disease, through better knowledge and the
development of values and behaviours that address health, identity and interpersonal respect. Another will be to
help those directly affected by the disease optimize their physical, emotional and spiritual health. Schools are
well placed to serve as community centres, and will be called on to do so — working with other groups in personal
care and community education. Schools must also rethink the ‘normal’ curriculum. HIV/AIDS presents new
dimensions of ‘diversity’ and ‘inclusion’ to which curriculum and teaching must respond. Schooling when a
significant percentage of the students, teachers, and their friends and families are terminally ill cannot be the
same as education in an AIDS-free society. Should science teachers simply proceed with ‘business as usual’,
explaining the electric circuit, the wonders of the prism, the reproduction of flowering plants? How should
‘curriculum delivery’ be revised, in the light of increasingly sporadic attendance as children are drawn to
responsibilities at home, or are struggling to survive as orphans? Inclusiveness goes beyond shaping pedagogy
and content; it becomes a desired outcome in itself.

At the same time, responses to the pandemic must sit alongside other curriculum purposes, such as economic
and cultural development and social transformation. Learners who will become leaders in business and
community — with all of the confidence in their futures that that entails — will work beside learners who are
terminally ill. We know little about how students’ and teachers’ educational purposes and interests will be
affected by HIV/AIDS.

A policy framework: learner-centred and outcomes-based
Since 1994, curriculum policy development in South Africa has proceeded boldly, keenly attuned to the demands
of multiculturalism and globalisation, economic and social transformation and cultural development, barely aware
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of the HIV/AIDS pandemic. In 1997, the government heralded Curriculum 2005 (Department of Education, 1997)
as a symbol of the new South Africa (Jansen 2000). The vision was learner-centred and outcomes-based.

“Learner-centred education” was promoted especially for its foundations in human rights, respect for diversity,
and classrooms that model democratic processes (Department of Education, 1997, 2001a). The policy also
promotes effective learning — shifting the focus from teaching to learning, through curriculum designs that build
from learners' knowledge, purposes and contexts. The South African outcomes-based strategy, following
countries such as Canada, Australia and UK, is one in which outcomes and standards are set centrally, and
curriculum design and assessment are largely devolved to schools. The single, national set of outcomes
symbolized a unified system (an important aspect of equity, in the wake of Apartheid). The outcomes also
enabled redefinition of ‘content’, to suit the demands of economic and social transformation, and provided a
technology to support learner-centred education. Outcomes could be defined broadly enough to allow local
interpretations and variations, but narrowly enough to still claim common achievements for all students.
Curriculum 2005 was accompanied by policies on teacher education that emphasized the roles of teachers as
subject experts and curriculum designers, and programmes of in-service education.

The requirements of globalisation and multiculturalism are reflected in the Curriculum 2005 outcomes.
Overarching all learning areas is a set of ‘critical outcomes’ — critical in the sense of important and critical in the
sense of critique. Problem solving, critical thinking, communicating, personal management, teamwork, and
responsible use of science and technology promote the globalisation agenda; responsible citizenship, cultural
sensitivity and ‘understanding the world as a set of related systems’ lean towards the multicultural agenda.
Within each of eight learning areas, the policy sets ‘specific outcomes’ which proscribe the learning areas.
Science is defined broadly. Alongside the conceptual knowledge and process skills from Western sciences,
there are outcomes concerning the relationships of science to culture, environment and economic development;
ethics, bias and inequities that arise from the sciences; responsible decision-making in science; and the
contested [problematic] nature of knowledge in science (Department of Education, 1997).

Curriculum design: Bridging globalisation and African sciences :

Curriculum 2005, with its lofty visions, hard-to-understand documentation, devolution to teachers, and
inadequate support systems (Chisholm, 2000), represented an enormous and sudden shift from the bureaucratic
approaches it replaced. While there was widespread public and professional endorsement of the policy’s '
principles and intentions, most teachers struggled to translate them into curriculum. Many continued with their
old ways. Many others (mostly but not only in primary schools) experimented with new approaches. Departments
of Education, non-government organizations, curriculum development units and private publishers provided
examples (GICD, 2001, 2001a). Although these materials vary in quality, inspection shows resonances with
constructivist learning theories, cognitive development theories, the Science-Technology-Society and
environmentalist literature, critical pedagogy (developed here as “people’'s education”), and cultural approaches.
I will focus on the ways in which African experience has been and might be incorporated.

At the simplest level, African technologies and daily life (in construction, manufacture, transport, agriculture,
cooking, medicine, etc.) are used as contexts for developing Western science ideas and explanations, and
“African languages are part of classroom discourse. These approaches remain ‘closed’, in their focus on
" particular concepts, theories and skills from Western science, and continue to privilege Western Science (or view
it as a system of thought). At the same time, students respond with pleasure in having their own lives and
languages brought into the classroom (Manzini, 1999; Malcolm and Keane, 2001)

At a second level, students explore instances where Western and African science borrow from each other —
whether in theories of heating, food preservation, environmental studies, land management, use of resources, or
the development of medicines. For example, Zulu science and Western science are similar in their explanations
of how storing maize-cobs in especially designed pits helps preserve them. Explorations can address processes
as well as ‘content’, when students consider what it means to ‘work scientifically’, and ways in which all people,
in all cultures, use observation, theorizing, experiment and logic to test ideas. Alternative ways of knowing are
admitted to the classroom, but with a view to consonances, not dissonances.
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A third level addresses directly issues of philosophy, belief and assumptions, including dissonances. Units can
be designed with philosophical aspects as central themes, in topics such as disease, farming, conservation and
cultural history. Alternatively, discussion can arise from particular instances. For example, Manzini (1999) reports
the experiences of his Grade 11 class, where the students burnt incense (part of religious rites) as a context for
discussing convection. At the end of the teaching sequence, some students explained the rising smoke in terms
of convection and air currents. Others insisted that the smoke rose to find ancestors, or argued that the smoke
rose because of convection, but the ancestors controlled the air currents. The conflicts invite discussion within
the class. Interestingly, resolution could not have been achieved by a classroom experiment. First, the smoke did
not rise continually in a vertical stream, as predicted by the school rule “Hot air rises”. Second, attempts at more
carefully controlled experiments — for example, by doing the experiment in a carefully designed box — would
have contrived a situation that no longer represented the room and did not have the same interest for ancestors.
Resolution, for the class, had to depend on authorities — whether distant scientists and their frameworks, or
cultural elders and theirs. The simple appeal to experiment is insufficient; the Western science position depends
on experiments done by others with different fluids, and complex theories into which the rule ‘hot air rises’ fits.’
The argument is remarkably parallel to the African one: many experiments have been done with rising smoke,
and the explanation is framed within more complex theories, which are also supported by evidence. The testing
of theories is as much about valuing and appeal to authorities as it is about experience. From discussions such
as these, students can come to better understand Western science as a way of knowing. Such discussions also
pave the way for handling conflicting beliefs in questions such as protection from lightning or HIV/AIDS.

These approaches are entirely compatible with the globalisation agenda: they promote deep engagement with
ideas, connection of theory and experience, critical and imaginative thinking, and a deeper understanding of the
nature of Western sciences. Students in a Grade 8 class (Malcolm and Keane, 2001) reported following the trial
of one such unit: “We learned to use our head, because not everything we do we actually think.” “We learned
how to listen more carefully, to have an open mind...” “We learned to work in a team.” “We learned to think
logically”.

Learner-centred education, students’ interests and HIV/AIDS

Learner-centred, outcomes-based education in South Africa requires knowledge of the perspectives, contexts,
concepts, purposes and outcomes that students — especially Black African students — see as worthwhile. There
is a paucity of such research — with students or with teachers. While teachers have considerable knowledge
about the environments in which students live and the technologies they use at home, teachers generally have
little insight into students’ educational purposes, interests, and ways of learning. Until now, such insights were
not considered especially important. Given that those insights are not readily available from teachers, research
into students’ interests needs to work mainly with students. The research is difficult, especially with young
children. Open questions such as “What are you interested in?” “What do you do after school?” “What stories do
you like?" are too general and too abstract. More innovative studies are required.

The situation is deeply confounded by HIV/AIDS. Almost nothing is known about students (and their teachers
and communities) living with HIV/AIDS as a daily routine. How does living with the disease influence students’
interests? How are their educational purposes and needs affected? How diverse are their responses to the
disease? What questions can be asked? How might their interests be coupled with those of students who are
well and determined to stay well? How should the needs of students and teachers directly affected by the
pandemic be measured against national (and individual) needs for economic and social development, even to
maintain a functioning economy and a functioning society?

The science curriculum has three responsibilities directly related to living with HIV/AIDS: to help contain the
disease, to help communities live with the disease, and to provide a science curriculum that meets the needs of
all students and the nation. South Africa, like some other developing countries, is heading into an extraordinary
time. It will require extraordinary imagination, energy and compassnon part of which will be extraordinary
research with children and teachers.




PROCEEDINGS OF 10?" IOSTE SYMPOSIUM — July 28 - August 2, 2002 - Foz do Iguagu, Parana, Brazil

References

AIKENHEAD, G. (1996), “Science education: border crossing into the subculture of science”, Studies in Science
Education, Vol. 27, pp. 1-52

ANNAN, K. (2001), “To save one life is to save humanity”, acceptance speech on receiving the Nobel Peace
Prize, as reported in the Star newspaper, Johannesburg, Dec.12, page 15.

BADCOCK-WALTERS, P. (2001), ‘HIV and its impact on the Education sector: The Management Challenge’,
seminar presented at University of Natal, September 14,

CARNOY, M. (2001), “The role of the state in the new global economy”, in Muller, J., Cloete, N. and Badat, S.,
Challenges of Globalisation, Maskew Miller Longman, Cape Town, South Africa, pp. 22-34.

CASTELLS, M. (2001), “The new global economy”, in Muller, J., Cloete, N. and Badat, S., Challenges of
Globalisation, Maskew Miller Longman, Cape Town, South Africa, pp. 2-21.

CHISHOLM, L., (chair), (2000), The Ministerial Review of Curriculum 2005, Department of Education, Pretoria.

COOMBE, C. (2001), Managing the impact of HIV/AIDS on the education sector, report commissioned by the
UN Economic Commission for Africa, University of Pretoria.

DEPARTMENT OF EDUCATION, (1997), Curriculum 2005, Pretoria, South Africa.

DEPARTMENT OF EDUCATION, (2001a), Education in South Africa: Achievements since 1994, Pretoria, South
Africa.

DEPARTMENT OF EDUCATION, (2001b), National Strategy for Mathematics, Science and Technical Education
in General and Further Education and Training, Pretoria, South Africa.

GICD, (2001), Unpublished report on the evaluation of recent school texts, Gauteng Institute of Curriculum
Development, Johannesburg. :

GICD, (2001a), Working together — Scientifically, Gauteng Institute of Curriculum Development, Johannesburg.

ILLBURY, C., AND SUNTER, C. (2001), The Mind of a Fox, Human and Rousseau Tefelberg, Cape Town,
South Africa.

JEGEDE, 0. (1998), “The knowledge base for working in science and technology education”, in Naidoo, P., and
Savage, M. (eds), African Science and Technology Education into the new millennium: practice, policy and
priorities, Juta, South Africa, pp151 — 176.

KHUMALO, G. (2001), Masters work in process, University of Durban Westville, private communication

KINGSOLVER, B. (1998), The Poisonwood Bible, Harper Flamingo, NY

MALCOLM, C. AND KEANE, M. (2001), “Working scientifically, in learner-centred ways”, paper presented at the
Sixth International History and Philosophy of Science and Teaching conference, Denver, USA, November 7-10.

MANZINI, S. (1999), The influence of culturally-relevant science curriculum on African learners, unpublished
MEd thesis, University of Durban Westville.

MAY, J. (1998), project leader, Poverty and Inequality in South Africa, Report prepared for the Office of the
Executive Deputy President and the Inter-Ministerial Committee for Poverty and Inequality, Pretoria.

9 , 134
ERUE . ‘ | 013/117




PROCEEDINGS OF 10" IOSTE SYMPOSIUM — July 28 - August 2, 2002 — Foz do Iguagu, Parané, Brazil

OGUNNIYI, M..B., JEGEDE, 0.J., OGAWA, M., YANDILA, C.D., OLADELE, F.K. (1995), "Nature of Worldview
Presuppositions among Science Teachers in Botswana, Indonesia, Japan, Nigeria and the Philippines”, Journal
of Research in Science Teaching, 32(8), pp. 817 —831.

OGUNNIYI, M.B. (2002), “Science learning and the contiguity hypothesis”, paper presented at the 10" annual
conference of the Southern African Association for Research in Mathematics, Science and Technology
Education, Durban, Jan 22-26. -

SAIRR, (2001), Report on participation in higher education by the South African Institute of Race Relations,
described in the Star newspaper, Johannesburg, Dec. 12, p7.

SCHNEIDER, C.G., (1997), “From Diversity to Engaging Difference: A Framework for the Higher Education
Curriculum®, in Cloete, N., Muller, J., Makgoba, M.W. and Ekong, D. (eds), Knowledge, Identity and Curriculum
Transformation in Africa, Cape Town, Maskew Miller Longman, pp. 101-133.

SEEPE, S. (2001), “"Challenged by our times”, The Mail & Guardian newspaper, Dec. 14, Johannesburg,
pp20-21.

Keywords: Curriculum, Gobalisation, Multiculturalism, HIV/AIDS, South Africa

O 135




PROCEEDINGS OF 10" IOSTE SYMPOSIUM — July 28 - August 2, 2002 - Foz do Iguagu, Parané, Brazil

m THE ROLE OF TEACHER PREPARATION FOR INFORMAL SETTINGS:
\ UNDERSTANDING THE EDUCATORS AND TEACHER PERSPECTIVES.

Christiane Gioppo ( cgdacruz@unity.ncsu.edu)
NCSU/UFPR, Raleigh, USA

Abstrai:t

In the South of Brazil | teach required education methods and practicum courses to undergraduate biology
students. Many students come to the courses with no intention of teaching. They want to have a teaching
experience and diploma just in case they need to work while they are looking for a job as a biologist or waiting
for a scholarship in the masters program. Despite these aspects, my students are responsive and often want to
have a docent or internship experience at the University Natural History Museum (UNHM).

UNHM has a small facility in the Institute of Biology and exhibits are traditional — a reservoir of collections. Caro
(1996, p.44) described these conservative science museums as “places where to collect and preserve samples,
as a depository for scientists, not for the curiosity of the crowd.” The majority of the museum visitors are middle
school students on field trips. Thus the tensions among the different perspectives as goals of museum
designers, undergraduate students’ interest, teacher preparation courses, and middle school curriculum goals
are present. :

My students have roles as teachers in the museum even if they do not want to call themselves teachers." | want
to help them expand their opportunities to teach in different settings. Through this experience they may see that
the role of the teacher is very important and the classroom, that this setting can be used to develop, enlighten,
and understand the content. :

Understanding how teachers are being prepared to use informal settings was the first purpose of this study.
However, | could not find enough science educators willing to share their expertise on this topic, so | refocused my
question to understand the other side of this story, the science teacher side. Specifically | focused on perspectives
of out-of-class activities, as a regular part of the school curriculum. The results of this study have enlarged my
perspective of teacher preparation and helped me reorganize the methods and practicum courses syllabi.

Some Background Information

School field trips to museums, zoos, botanical gardens and aquariums are widely described as activities that
enhance motivation by engaging students and promoting learning. However it is not enough to simply take
students to these places. Excursions to informal settings need to be well prepared. Science teachers can learn
how to plan and manage field trips in a science methods course. These courses help future teachers develop
skills needed and required by the National/ State Certification Board. However, many college science teacher
educators indicate a lack of time necessary to adequately prepare future teachers to effectively carry out field
trips. Research has shown that inadequate teacher preparation leads to the teachers’ over emphasizing the use
of textbooks. Yager and Penick, (1983) considered that “the supremacy of the textbook is the most serious limit
on science learning” (p..22). Furthermore, Yager (1983) noted that “over 90% of all science teachers use a
textbook 95% of the time; ... the textbook becomes the course outline, ..." He also claims that "there is no
‘evidence of science being taught by direct experience" (p. 578). Thus the need to understand and develop
adequate skills to use informal/outdoor education is imperative.

Informal, non-formal, free choice, outdoor education, and public understanding of science, are some of the terms
used by the discipline to explain the activities and learning that occur out of the classroom setting. However
these terms are being redefined as the research grows and the field is being shaped. As definitions are being
refined other aspects of the informal field need development. One such area is that of teacher preparation to
use informal settings. Simmons (1993, p.15), found almost half of the activities suggested by the teachers were
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recreation related. Thus she emphasized that “without direction, [the teachers] will rely on the previous
experience or stereotyped ideas of what can be accomplished in a particular setting.”

Olson, Cox-Petersen, & McComas (2001, p.169) said we must “provide preservice teachers with experiences
where effective field trip strategies are modeled for them, followed by the opportunity to develop and conduct a
field trip with their own students while under guidance of a cooperating teacher and with support from university.
The authors stressed “after practicing effective field trip strategies, their concerns tend to shift from a
management orientation to a focus on student learning.” They found that student teachers “are more likely to
take a field trip during their first years as teachers.” Furthermore, their student teachers reported the master
teachers’ comment that they (master teachers) “learned more about how to do field trips by watching the student
teachers.”

Studies of in-service teachers and their visits to informal settings demonstrated the necessity to “reconsider the
relegation of such visits to nonformal learning and to position the visits within the formal learning entitlement of
the students” (Smith, McLaughlin, & Tunnicliffe, 1998, p.139). Their main finding is that “a zoo can be an
important learning experience for students in the context of formal learning if their teachers are adequately
briefed about the topic and opportunities for learning that can be found at the informal science setting."

Manzanal, Barreiro & Jiménez (1999) reported that students who had participated on the field trip acquired a
new and deeper scheme of knowledge, and a more solid understanding than the control group. “The field trip
gave the pupils concrete data, which fit in with the information that was imparted later in the course"” (p. 450).

An examination of the previous literature suggests we need to understand how teachers are being prepared and
how they could use informal settings to capitalize on the field trip experience. This study could be usefu! to
science educators who intend to teach pre-service students to use fieldwork more effectively by focusing on
students’ learning. Furthermore it could provide information that may assist with the reorganization of a science
methods course, helping define what should be included/excluded in it.

Method

A quantitative/qualitative research design was chosen for this study. The former was intended to assess the
science educators’ perspectives on including instruction on “out of class” activities in preservice methods
classes. The latter described an exemplary teacher (Tobin & Fraser, 1990) and her abilities to capitalize on the
field trip experience. '

- An open-ended survey was sent via e-mail to science methods professors. Seven faculty members, five from
North Carolina and two from other states within the U.S answered the survey to science educators. The survey
asked for demographic information followed by six major questions. The survey was analyzed to inform the
subsequent interview plan and teacher observation. Ethical concerns regarding anonymity and confidentiality
led me to avoid mentioning names and universities.

The qualitative part of the study was an intrinsic case study. The subject was an experienced, exemplary
- science teacher who does field trips as a regular activity in her courses. The subject has been participating in a
three-year National Science Foundation (NSF) earth/environmental leadership workshop.

Data collected included interview, field notes, and a college class observation, providing triangulation (Stake,
1995). Triangulation is an essential tool in the qualitative research. In this study triangulation occurred through
the field notes | took during two short-term field trips (a 90 minutes class period). | also triangulated my field
notes with a methods course class observation at the local university because this teacher participates as a
teacher assistant on the university methods course.

Data collected from the teacher plus the survey gave me a broader perspective of the use of informal settings.
My ten years experience as a middle school science teacher plus eight years as a science educator could bias
my interpretations, especially on the teacher preparation. Nonetheless it helped me understand the difficulties
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mentioned by the teacher and warranted deeper questioning and probing about the teacher's philosophy. Thus |
used constant comparative method of data analysis.

Comparisons between the teacher interview and my observation were done and my focus was concentrated on
what the strengths and weaknesses of the field trip activities were, and what student teachers should know in
advance to maximize their teaching experiences on field trips. | especially checked out issues concerned with
logistics, the issue of choosing students to go to the trips, how the teacher selects the place to visit, teacher and
students’ role, the pre-visit and the follow up sessions plans, the evaluation plans, and the teacher preparation
for informal settings. These issues emerged from the interview and observation phases.

Presentation of Findings

The responding science education professors typically middle school teaching experience (from none to eight
years with a mean of 3.7). At the high school level experience ranged from one to twenty with a mean of 7.1
years. At the college level experience teaching methods or education courses ranged from none to thirteen
years with a mean of 7.9.

The first question was “have you taught an education course that addresses the topic of using informal settings
(museums, zoos, aquariums, school backyard, out of class activities) to teach science? If no, could you please
explain.” Answers for this question were very similar. There was just one “no.” The respondent justified her
answer mentioning that “the methods course correlated with the professional competencies specified in the
professional education guidelines for [my state].” The other answers showed that the educators had devoted
part of their courses to address the topic of informal education in some form.

The second question was “how long do you spend on this topic during the semester (how many class periods)?”
The answers ranged from zero to ten periods (out of sixty). Only one faculty did not mention a length of time.
This person mentioned that she addresses “informal settings as they fit into our other topics.”

The third question was “what are the mechanisms that you use to discuss the topic. (Lectures, video, field trips
modeling)? Please mention all.” In this question many faculty mentioned more than one mechanism. Thus
numbers here do not correlate to research subject totals. Again in this question only one person answered
“none”. The others mentioned at least one mechanism. Five mentioned field trips (four used the words and one
gave an example) and two of them use the word “modeling” linked with field trip. Two mentioned guest speakers
(or instructors). Two mentioned prior experience perceptions. There was also one reference each for learning
cycle, lecture, explore curriculum implementation, and read articles about the informal places as valuable
resources.

The fourth question was “how do you address the evaluation plan for the field trip activities?” Although most
educators mentioned they do not address the topic directly, there was only one “none” response. Three
participants answered that they do not address the topic directly. One addressed the topic as evaluation in
general, other evaluated it with the end of course evaluation and one mentioned that she spends “more time
discussing the effective implementation of these experiences into the learning experience as opposed to just an

‘activity’.

The fifth question was “what phases of the field trip (i.e. pre-visit) do you discuss with your student teachers?”
Similarly to question number three there was no correlation between number of answers and number of
respondents, because educators listed more than one phase. Two faculty members mentioned that they do
“some discussion on what to expect at the site” but mentioned no phases. Two suggested safety/ precautions
as a discussed phase of the trip. Two respondents mentioned linking learning to the curriculum as a phase
“consider learning factors; ... how to be sure that the field trip contribute to the curriculum” or “stated outcomes”.
Logistics were also mentioned as a phase for two respondents “check for comprehension on
directions/requirements, discuss appropriate attire.” Management was mentioned only once “go over rules.”
Finally, one person mentioned outside people would work directly with student teachers about the phases “folks
from the office of field experience work directly with student teachers.”
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The last question was “how do you evaluate your student teachers on this topic?” Surprisingly four out of seven
subjects said they did not evaluate their students. One mentioned a self-assessment portfolio at the end of the
semester. Another educator mentioned he evaluated his students by their “ability to set up an effective field trip
... [and] a rubric with points for each category” is used. Again, one respondent delegates the evaluation to
outsiders’ “folks from the office of the field experience.”

The second part of this study was qualitative. Based on an interview and class observations of Ms. Brown
(pseudonym), a high school science teacher from North Carolina. She teaches Advanced Placement (A. P.)
Environmental Sciences and Marine Sciences for eleventh and twelfth grades. Her school seems to support her
field trip activities. During observations and interview, seven major categories emerged from the data.

Logistics

Ms. Brown emphasized that a field trip demands a lot of paper work. The first issue is to know the place first,
contact people and get permissions of the faculty/ administration, and students’ permission forms. Another issue
is to determine the field trip costs and collect the necessary money from the students. She also suggested that
teachers should have their own bus driver license to have more autonomy. The following excerpt summarizes
her thoughts

“... I think | am the only one willing to do it [field trip]. It takes a lot of work. Itis a lot of paper
work. | am now also the only one that drives. | am not the only one but | drive a bus, you can't
be the only one. We just hired a new teacher and he has been on one field trip. He is the earth
science teacher. He, | think, in the future will take field trips. Because it is just too much work.
You have to get permission, student permission, faculty or administrator permission. You gotta
collect money. You gotta make all the phone calls and stuff like that, so it is a lot of work. It
really is. A lot of people don’t wanna do that. ...every field trip | am going | have to do the same
thing over again”

Choosing the students

Ms. Brown considered it a privilege to go on a field trip and because she has large classes she cannot take all
her students. Thus she chooses students based on their grades (C or above) and their achievements in other
courses. For example if one student is doing poorly in English, she will not allow this student to go, unless this
student shows that he/she is struggling but still interested.

On short term field trips taken during class time, everyone participates. However, on the day trips or weekend
trips she must be selective:

“I can only take forty students on a bus. | do the bus driving because it costs twelve dollars and
eighty cents an hour to hire a bus driver, so | have my bus license and that keeps the costs
down. ... | tell the students that they must be maintaining a C. If they are doing D and F in my
class they definitely can’t go, and if any other teacher says they are not doing well in their class
then we don't let the students go. ...My day trips there is a whole lot of work to do .... For the
long distance field trips the money is a little bit more expensive and again | won't take as many
students on that because it is a lot of driving and the kids get tired so | won't put as many kids to
a seat. Ifl have forty kids | usually take half which is twenty than they can each have their own
sit.”

Choosing the place

Ms. Brown chooses the setting for her field trips based upon three issues: the National Science Education
Standards (NRC, 1996), the A. P. environmental exams, and career exploration opportunity National Standards
are linked with the class curriculum and syllabus. Sites that are selected are linked with the class content being
taught at that moment. The exception is the Marine class going to the beach twice a year. Then she selects a
time when weather is most likely to be favorable. In this case, the content will be given later in the course.
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Ms. Brown also chooses places that could help students better understand a concept that will be tested on the A.
P. exams. Therefore she may select a specific relevant site such as a water plant treatment. She uses the trips
to discuss career perspectives, relying on experts. The excerpt shows how she decided to include one site in
her program, and the career program that this site has.

“I have been down there in another program and so | knew that they do programs for students.
They tell the kids what it took for them to be working at the beach. All the kids say, ‘Hey this is
cool to work at the beach’, you know. ‘How do you get there?' And ‘How they ended up where
they were?' And | do believe that careers as well as education is very important because most
kids have no clue what they wanna be when they grow up. ‘Hey | like that | am gonna be major
in geology or something like that and it puts them in new direction.’

Teacher and Students’ role

During my field trip observations in Ms. Brown's classes | was given a glimpse of teacher and students’ roles.
She subdivided the class into four groups and gave assigned tasks for each group. One group would collect
benthic animals with a net and identify them; two others would do chemical tests to analyze dissolved oxygen
levels in the water. The last one would measure river flow and velocity. She orally listed what each group
should carry to the field and reminded them of their responsibility to have all the material on the bus. When we
arrived on the site, she checked the time before leaving the bus, “You have 45 minutes here.” Students had
information sheets describing how to do the activities and she got everybody started when she said “You all
know what to do. I'm not helping.”

After they finished their activities, on the bus, she reviewed the findings and discussed the data. For instance,
that day the pH was more acidic than usual. She asked students for an explanation. She also asks students to
compare dissolved oxygen levels. Ms. Brown asked the students to explain the relationship among temperature,
dry weather, and low number of species in the river. Next time the groups will rotate their tasks.

Students came to the class knowing that this was a field trip day. They had received information about what to
wear and where they would go, and had previously collected data on the site since the beginning of the year.
This was now the third group rotation on the site. Everybody left the bus with all the needed material and came
to the side of the river. They put on their boots and waded in. The benthic group had a big net. Using their
boots they kicked the rocks on bottom of the river in order to move the sand on the river floor and animals into
the net. The river flow group measured the velocity of the flow, dropping tennis balls in one point of the river and
with a stopwatch they measured how long it took for the ball to move ten meters. The other two groups used
chemical kits to identify chemical features of the water.

Pre-visit and Follow up sessions

Pre visit classes are used to describe the content and give the students the spreadsheets. Ms. Brown'’s field
trips are linked with the content and she prefers discussing it prior to the visit. The excerpt shows at what point
of the course schedule she plans a visit.

“I go on this field trips usually during the chapter or at the end of the chapter [so] that | have
discussed it. So the kids are aware of why there is a water treatment plant, why there is a
wastewater treatment plant. And the fact that solid waste and paper products of human being is
a problem.”

However this plan is not always feasible for every field trip. In case of long field trips, Ms. Brown relies on the
weather and season. In this case the content may not be covered before the field trip. Then when she gets to
the topic she reinforces it by discussing issues they observed during the field trip. The excerpt shows how she
proceeds with beach (weekend) field trips.

“[On] My beach trips | can’t do that because of the weather. | do a beach trip in the fall when the
weather is nice and do it in the late spring right before school is out, mainly because it is a
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weather related. When... we get to that topic | reinforce by saying, ‘Remember when we were at
the beach we did this and we did that. Do you remember?’ And | also have the kids keep a
journal when they go on the field trips. And that journal is for them to keep and be able to
remember, or help with their test, or remember. Not only it is a memorabilia but it also, when we
actually get to the topic in the classroom, they will have no memories from the trip about some of
the stuff that we actually did. So, it can help them in their class.”

On the follow up activities she reviews and reinforces the content. Ms. Brown usually makes students keep
journals for long trips and to bring information back. In the case of short field.trips the collected data is recorded
in the journal and brought back to the lab to discuss. Snap shots and time line perspectives are used to discuss
the data. As for the snap shots, she puts things in the small context, by comparing groups’ data collected on that
day. She asks students to compare and analyze group results. To have a big picture, however, she recollects
the data collected on other trips and puts them on a time line perspective, making connectiens with seasons,
weather change, and development of the region. '

The evaluation Plan

Ms. Brown usually does not evaluate directly what students have learned on her field trips. In the case of long
field trips not all students come, so, she cannot make it required. The impact of short field trips is measured as a
component of the summative assessment. The excerpt summarizes the issue of not having all students on the
field trip and its consequences for the evaluation plan.

“I have them keep the journal. Take notes as they go. If they do the journal and they turn in the
summary they will get a grade for it. If they go on a field trip with me and don't turn in the journal,
then they just went on a field trip. The kids that turn in the journals or the summary of the journal
get an extra either homework or test grade for actually doing the extra work. ... | haven't made it
required yet because | can't take everybody on all these trips. So at that way | can’'t make
required unless | have the kids that are back in the classroom also doing the required work.”

Teacher preparation.

Ms. Brown had no teacher preparation for informal settings in her preservice years. Her experiences started on
inservice summer workshops. However she indicated that previous experience is necessary to raise confidence.
She also indicated that short experiences in the school yard could be crucial to give the teachers the ability they
need to do the next step and leave the schoolyard for a bigger trip. The excerpt shows how she began, and how
important the modeling process was for her.

“Every field trip | take [reflect] the field trip | took with a teacher workshop. So | went with
experienced teachers and college professors. They showed me the areas, the hotels, the
locations, the things to do, even their discussion and their lectures, all that | use to help me. |
would never have been able to do these trips on my own, so the experience of a teacher doing it
first and knowing where to go is the best. It would be the thing that | would suggest the most.
For example, | went to the beach with a program called NCSAT. It is a teacher program and they
sent us to the beach ... She took us there and we studied the geology, the sand dune and the
birds! Which was really kind of nice, and | learnt how to take a ferry with my students over to the
location and | learnt all about that area. ... And then, once | have explored and found out
different things, then | will either add it to my program or change, but most [emphasis] of the time
teachers, | feel, will never do the field trip unless they have had that experience and know that it
is a good experience first.”

Another issue stressed by Ms. Brown was the camaraderie among teachers during the inservice training and the
role of small trips in raising confidence

“... They [teachers] have done the experience and they will tell you ‘hey this is really good'. ‘Go
to this place.’ ‘I have done that island before, | have done that field trip before, here is the phone
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number, [and] here is how to get there’. So you share! That is what is really nice about it. You
share ideas. | always bring a list of my field trips and I'll give those to other people and I'll share
that. | love being at teachers workshops, you know, | hate saying but in my college experience
years ago, | didn’t learn near as much as | do in workshops. But I think teaching has changed
over the years and | think colleges today are searching out. | know the professor that | am
working with at ... [university] likes to do field activities, she likes to take them outside, and she
likes to take them to the rivers and lakes .... When | was there, actually taking her class she
made me go to that site [on campus] so | could actually see it and experience it. So the field trips
don't always have to be big trips, they can also be short little things just around the campus ...

- And if a teacher wants to see how kids react, try that first. And if the kids do well and you can

" take them out of the classroom into another setting. And the teacher is comfortable with that,

then try a field trip where you go on a bus to another location, another destination.”

Discussion and Conclusion

Some issues related to field trips were indicated from the survey results. One of them is the lack of consensus
about how much time should be allotted for the topic on informal settings. Survey answers varied from zero to
ten periods (out of 60). Even though | understand that the respondent who answered “zero” is basing her
syllabus on the state professional education guidelines, the National Science Education Standards (NRC, 1996)
clearly states in teaching standard D “1D5 Identify and use resources outside the school’(p.45). It also states in
the professional development standard 6B learning shall “6B2 occur in a variety of places where effective
science teaching can be illustrated and modeled, permitting teachers to struggle with real situations and expand
their knowledge and skills in appropriate contexts” (p.62). Furthermore, research indicates that the student
teachers lack of experience or their held stereotypic images will impact their abilities to prepare class activities,
use textbooks, and make use available resources and materials (Simmons, 1993; Yager, 1983, Olson, Cox
Petersen & McComas, 2001).

Another trend that emerged from the survey was the lack of evaluation of student teachers on the field trip topic.
Four out of seven respondents did not evaluate their students in this area and the fifth let outside guests
evaluate them. Answers like “I consider it an awareness session” or “it is just a bit of orientation” may illustrate
educators’ level of interests on the issue.

Ms. Brown's recommendations and those found in current literature are in accordance with each other but in
opposition to what was said by the educators. One big issue for methods classes is always the limited time. A
field trip experience is time consuming and work intense. Thus, educators may choose to minimize this aspect
of the recommended curriculum.

Ms. Brown has initiative and independence, as reflected by her suggestion about bus driver license. Itis
important to notice how Ms. Brown ties content with career opportunities. She mentioned that these could
broaden the students’ career perspectives beyond the common choices. In fact Ms. Brown maximizes her trip
linking different contents with the career choices. She uses the trips wisely trying to reach and engage students
by the content and by the science career, too.

In respect to field trip participants Ms. Brown has to make some difficult choices to decide who is eligible to go
on a field trip. She decided that grades could be a possibility even though she asserts that students learn more
in field trips because they use all senses to learn and experience the concepts, so the words would not be a '
“memorabilia” anymore. Knowing that sometimes it is impossible for a teacher to take everybody, and
considering that A. P. students may have the multiple opportunities for outside experience, it would be
worthwhile to further investigate facilitation of providing experiences for low level students or less privileged
students.

Regarding the teacher and student roles Ms. Brown models the activities for the students. She requires them to
try different group activities and different trips during the year. She believes that the teacher should give
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opportunities for the students to use their senses, learning by tasting, smelling, and feeling the objects. She
mentioned that teachers should involve students and use every teachable moment to do that. She builds rapport
while showing herself as an active learner when students and teacher are together collecting, observing,
identifying animals, analyzing data. She connects the data with social issues, and uses environmental topics on
to discuss decision making and ethics.

Students are active learners with their own tasks and responsibilities. They are developing decision-making
skills needed in science. They also act cooperatively communicating and learning together.

Pre-visit and Follow-up sessions are difficult when the content is in a non-flexible schedule. One possibility,
instead of having the students try to remember what happened months ago, or come back to their field logs, is
teachers using more flexible syllabi so they can reschedule the content discussed on the field trip closer to the
actual field trip

Assessment of learning from field trips when you have non-participant students can be solved by videotaping the
activity and showing it to the students who did not go. Another alternative is to ask them to create a
tridimensional model of the site including the main features. A third possibility, when using chemical tests, is to
bring a’sample to the lab and do the chemicals analysis there.

Implications for Teacher Preparation

Using responses from the survey, observations of Ms. Brown classes, interview, and the literature review, some
implications for teacher preparations emerged. According to research in teacher education, modeling is central
for teachers (Reiman & Thies-Sprintall, 1998). On the survey, only two educators mentioned modeling,
however, five mentioned field trips. Ms. Brown also referred to the importance of modeling to her career and to
her class plans.

The second implication regards the number of field trips experienced during teacher preparation. Ms. Brown
recommended two field trips. She suggested the first site be the school yard for the teachers to have a “comfort
zone” and then “have them do a big field trip research project.” Olson, Cox-Petersen, & McComas (2001) also
suggested two field trip experiences for student teachers. However, no one of the seven professors mentioned
two field trips. This, again, reflects the proximity of Ms. Brown's approach to the research findings.

The third implication focuses on assessing student teachers’ knowledge about field trips. It seems worthwhile to
have students plan and implement a trip as a way to evaluate the effectiveness of the module. Ms Brown's
interview was consistent with the research literature (Olson, Cox, Petersen, McComas, 2001; Smith, McLaughlin,
Tunnicliffe, 1998) suggest that the student teachers assessment should include planning and implementing a
field trip. On the survey only one subject mentioned “the ability to set up an effective field trip and to assess
(reflect) on what worked and what must be changed next time.” He also included a “rubric with points for each
category.”

The fourth implication is related to peer experience. Ms. Brown suggests that by sharing experiences teachers
can help each other explore ways to successfully implement “out of class” activities. No one of the survey
subjects mentioned peer experience.

However, research in cooperative learning/reflection has shown the significance of peer experience. There are
even National Teaching and Professional Standards for it (see, for example, NSF, 1996, standards 1A4 [p.32]
and 6C4 [p.68]). One possibility in to use peer experience on the preservice level to open the regular methods
class enrolliment to lateral entry teachers. This could be helpful for both sides, the student teacher with no
experience and the lateral entry teacher with no educational background could share their respective expertise.

Finally, three issues emerged from the data that should be addressed by further studies. First is what a teacher
could do when it is not possible to take all students on a field trip. Or, how can one choose who is going on the
trip in order to be more inclusive and meet the needs of low level students? Second, how should field trips be
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evaluated in terms of impacting learning? And, of course, we need to survey more teacher educators to see if
the seven we surveyed are representative of all.
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Abstract

Sensors are chosen as the focus of a new approach for learning, teaching and innovating. The fact that
nowadays there are sensors based on all types of physical, chemical and biochemical principles, is the focus
that brings all natural sciences and many technologies together.

The idea is explored from historical aspects, such as the difference of doing basic research nowadays and in the
eighteen's century, but with emphasis on the recent trends, given by the popularization of personal computers
and of Internet. The fundamental aspect played by people feelings on being motivated is considered, and the
presentation explores the need for actions that change people attitude more than creating new courses or
teaching techniques.

The aspect science-technology-society is approached; proposing a large educational program based on the
use of existing sensors in schools, fairs and museums. Because there sensors that detect all types of natural
phenomena they bring together all natural science and engineering disciplines, helping people to develop the
ability to observe, compare and judge. As far as teaching practice is concerned, the use of sensors are
proposed to be the basis of a science teaching program for all school levels and for continuous learning
programs. It is discussed the fact that subject “sensors” can be approached at any level from the most
elementary proportionality point of view up, to the most sophisticated nanotechnology, and data processing.
Well designed sensors based, teaching program can take into account the particular aspects of interest of
each community, however keeping a common focus on sensors, but with approaches rather different and
adapted to specific characteristics. The role played by this program in each level of learning is listed in a
tabular form considering the level, or category, the objective and resources and the expected results. The
program proposed here is not a close proposal, but a reflection on an initiative that can have very positive
effects on the interest of people for learning about science and technology, creating also new opportunities for
business. :

The perspective of associating the generation of wealth, with motivation for learning and innovating is discussed
within the sensors program proposed. The first step along the lines suggested on this paper is given with the
creation of the Laboratory of Innovation on Sensor Technology - LITS.

Introduction

There was a time when theory of phlogistic was used to support the industry of material transformation, specially
metallurgy, and at that time, common people could imagine how the four elements that everyone could sense:
air, water, earth and fire, were used in industry and in natural processes. The theory was confusing, but public
conferences were regularly addressed to everyone, scientists, politicians, peasants, etc. They were all curious
and trying to use this confuse theory to understand the natural world. The idea of the existence of atoms already
existed, but chemistry had not been systematically organized.
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Just before the French revolution (2nd half of 1700), it was Lavoisier that had the clearest perception that
something was wrong and he started a systematic research, measuring carefully quantities that allowed him to
relate the world of atoms with the manufacture of better metallurgical products.

If from one hand Lavoisier's great contribution created the basis of the chemical industry revolution, from the
other hand the sophistication and the need of a systematic rational and structured approach made things much
less attractive to people without the necessary background.

Natural sciences like chemistry, physics and biology have advanced to such a point that, even our best trained
and most qualified persons, have a hard time in being able to imagine what happens in areas where he/she is
not a specialist. Nowadays, the techniques used for measurements go from the large astrophysical quantities
down to the atomic and nuclear scale. The so-called nanotechnology is based on lengths in the scale of one
billionth of a meter and in concepts that violate every one common sense.

In this very complex world, the question of how can we motivate our population to understand science and
technology, or at least attend to a conference on science and technology leaving the conference motivated, is a
very hard one. It has been largely recognized that this is a major problem faced by all of us and it corresponds to
the core question addressed at this conference.

The present paper intend to shine some light on this complex situation pointing out a general approach that
involves all five sub-themes of the conference.

Focusing on the theme “Sensors”, the first sub-theme science-technology-society is approached, proposing a
large educational program based on the use of existing sensors in schools, fairs and museums. The second
sub-theme, content areas corresponds to the core of what is proposed here, because there are sensors to detect
all types of natural phenomena, bringing together all natural science and engineering disciplines. As far as
teaching practice is concerned, the use of sensors can be the basis of a science teaching program for all schools
and continuous learning programs. It is not obvious, but interesting to note that the subject “sensors” can be
approached at any level from the most elementary proportionality point of view, up to the most sophisticated
nanotechnology, and data processing. Concerning to assessment, one should consider that each community
has its own needs, which can have the common focus on sensors, but with approaches rather different and
adapted to specific characteristics. Finally the history and philosophy of science is the aspect mentioned in the
beginning of this introduction.

Measure, quantify and motivate

What really matters are the people’s feelings, because, within people’s feelings is where motivation “lives” and
motivation is what makes people spend time and energy in doing something boring, like measuring and
calculating. In 1987 the newspaper Toronto Star of the city of Toronto in Canada promoted a series of meetings
on the theme “What We Want From Our Schools”[1]. The meetings had involved schoolteachers, administrators,
businessmen and politicians. .

Besides all the obvious conclusions of the difficulties and complains, one of the most striking was that society
wants people that are able to communicate and able to relate themselves with other people. Relating to other
people also means being able to write, read and judge, which frequently implies in having some background on
language and ideas of proportionality, for example.

One can say that this is exactly what our schools are doing. However, the question of doing it in the most
effective way is what matters. A suggestion of a new approach, in the framework of science and technology, is
the aim of what is treated in the following paragraphs and sections.

Personal motivation is linked to someone’s personality, but depends strongly on opportunities offered by the
society, and also on challenges that people think they can overcome. Most people like to satisfy their curiosity,
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but also like to be rewarded for their contribution. The next paragraphs intend to show that sensors can be the
focus of a new approach that will bring the motivation for people to learn about science, to quantify things and to
generate wealth, creating a culture of innovation.

The decade of 1980 was characterized by the spreading of the use of personal computers and it can be
considered the decade of the increase in the capacity of storing and processing information [2].

During the 90's the capacity of storing and processing kept increasing, but the availability of Internet was the
important leap and that decade can be considered the decade of the popularization of the access to the
information [2].

This first decade of XXI century already shows clear signs of the trend described above. The “stars” of the
decade, most of the time have very small dimensions, microscopic in many cases, and are produced with a wide
variety of technologies and materials, some of them discovered only recently. These new stars are the sensors
that provide the information for the already fast, reliable and large capacity systems. The miniaturization and the
evolution of informatics are the key facts that have created the new opportunity treated here.

In fact, defining sensor as an element that senses something, making the conversion to a measurable quantity,
send us back to the Roman Empire, when devices to measure water consumption were already used. The
differences now are the sensitivity, the varieties and sizes available, together with the huge availability of
reading, storing and processing information at relatively low cost. One can say that the sensors are providing
computers the capacity of hearing, seeing, smelling, tasting and touching the environment. In some aspects the
sensors provide the capacity that goes far beyond the human possibilities.

Despite of the promising market for new sensors, there are already a great variety of sensors available and an
increasing need to monitor things. The Romans could make mistakes of a few percent in their water control
without problems, but nowadays, population has increased to a level that requires very tight monitoring for public
services, such as supply of energy and water. Controlling air, water and soil pollution is becoming more and
more critical, and a large number and better monitoring systems are a necessity. Many industries, public and
private services, and individuals will have increasing benefits from the use of sensors. Therefore, this is probably
one of the most promising fields for new enterprises and consequently for the so desirable innovations.

Technological Opportunities and Difficulties

The proprietary characteristics of sensors, i.e., the technology for each sensor depending strongly on final
application of it, is an aspect that makes this field highly attractive for a country like Brazil. In fact, the country
can rapidly become self sufficient on adapting existing technologies, even if mastering the technology of
production of many sensors is not easily reached, or not even desirable. In fact, this aspect is similar to the
situation of personal computers, or automobile industry, where the technology is very internationalized and
interdependent, but in the case of sensors there are many possibilities of being self-sufficient.

The other important aspect is the variety of applications ready to apply adapted sensors, which include
optimization and continuous control of water, air and energy. The benefits for the environment are limited only by
our imagination. Accidents can be avoided by continuous monitoring the physical integrity of industrial equipment
and reservoirs.

The technology of making sensors ranges from silk screen methods, with the so called thick film technology to
the nanotechnology, so that, one can choose the most convenient technological level.

As an example, sensors based on fiber optics that are produced in Brazil, are obtained making small physical
and chemical modification on the commercial optical fiber and they can monitor mechanical behavior of
structures and equipment [3], quality of water [4] and bio-specific interactions [5].
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This paper does not intend to discuss the technology, but to point out the need to develop a culture on sensors
and to start soon to avoid missing the opportunities that are in front of our eyes. These opportunities will be
available for people that catch the essence of this new wave.

At first sight the opportunities seam to be open only for first world countries, with a highly educated population,
however, considering that microcomputers and internet are being incorporated at all levels of instruction, one
can imagine that the use of sensors can also follow the same trend. In fact, it is more a matter of a new attitude
than that of specific knowledge. People use well cell phones without knowing any detail of it and sensors are far
less complex in many cases.

The variety of sensor types and operation conditions needed, opens possibilities that includes production, but
applications and development of new technologies using the market available sensors is likely to be the a more
promising aspect, as far as business opportunities are concerned.

Only for the technology of micro-sensors (MEMS) the projected world market is of US$35 billions [6,7].
Sensors Learning and Teaching Program

Sensors are already incorporated in all living creatures. The human body is full of a variety of sensors, for
example, the skin detects temperature, heat, humidity and pressure, the eyes detect light and movement, our
nose detects some pollutants of air and the taste of water can indicate many pollutants. Some turtles, bees and
birds use magnetic sensors to orient themselves [8]. All this is being used in a very effectively way, without any
trouble in understanding details.

Therefore, a first aspect that an ambitious sensors learning and teaching program must consider is that we are
copying nature and extendlng already existing possibilities. A second aspect to be considered is that at
Lavoisier's time (2n half of 1700), one individual could have its own laboratory, make fundamental discoveries
and be a successful entrepreneur, however, nowadays fundamental discoveries are made by groups of
researchers forming international networks and having first class, very expensive infrastructure. A third aspect |s
that this is a multifaceted program that can start at all levels at the same time, but must have a clear and
motivating focus.

Under these aspects the program must bring up the consciousness of the role of sensors in understanding
nature, the large variety of systems that already use sensors, the new opportunities open to people on learning
and on generating new business with relatively low investment.

In that sense the authors have proposed the workshop “SENSORS: A Corrida do Ouro do Século XXI" promoted
by ABINEE-PR (Associagdo Brasileira da Industria Eletro-Eletronica), LITS (Laboratério de Inovagéo em
Tecnologia de Sensores), TECPAR (Instituto de Tecnologia do Paran&) and UFPR (Universidade Federal do
Parand), sponsored by IFM-Electronic, IEL (Instituto Euvaldo Lodi), Renault do Brasil, PETROBRAS, Rede
Parana Autotech, Parana-Tecnologia and MCT (Ministério de Ciéncia e Tecnologia), and supported by SMAR
Sensores, SINAEES-PR (Sindicato Nacional da Industria Eletro-Eletrénica), TURCK Sensores, CTA (Centro
Técnico Aeroespacial), SIMEPAR (Instituto Tecnoldgico Simepar), SETI (Secretaria Estadual de Ciéncia
Tecnologia e Ensino Superior) and FINEP (Fmancnadora de Estudos e Projetos) and organized by HAWK
BRASIL, at Curitiba during the 20" and 21% of November of 2001. During that workshop the “LITS - Laboratério
de Inovagéo em Tecnologia de Sensores” (Laboratory of Innovation on Sensor Technology) was officially
created with the mission of disseminating the culture of sensors use in our society, develop sensor applications
and research new sensor technologies. The LITS is planned to act on all levels of education and research,
keeping a wide network of collaboration with schools of all levels, industries and government.

In order to fix some of the ideas presented the teaching levels involved and action are presented in a tabular
format.
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Category Objective and resources Results
Dissemination of the idea and awake of :::s:rlschlldren motivated to understand
Elementa curiosity. '
v . . Common people curious to learn about
Schools laboratories, fairs and museums. sensors and its possibilities
. Train people on use and maintenance of - Competence + knowledge of market.
IZSQF ical sensors available. - Optimization of processes.
Technical schools & Companies Innovation of process & product
Qualify engineers and scientists in sensor Development of products and processes
University technology and market. )
. . . " Innovations with sensors including software,
Level National and International Universities, roducts and processes
Companies and Research Institutes. P P ’
Business and Technical directed .
. Development and adaptation of new
Professional | Research. processes and products.
Srrc?drﬁ:)e National and International Universities, Innovation of produActs and processes,
g f.:omp?nles apd Research Ips?ntute;., including managing.
including business and administration.
. Basic Research in Materials, Processes and New advanced Technologies.
Academic New Concepts. , , g
Graduate . . . . Radical Innovation.
Program National and International Universities, .
Companies and Research Institutes. Highly Technology Updated People.

This program must have a strong emphasis on the formation of networks with other research centers,
universities and companies around the world. The sensors program is designed to create opportunities for
people to grow as persons, learning an updated subject that opens opportunities for them, but also knowing
other people, places and cultures. The dissemination of entrepreneurship and the capacity of generating
Innovations are intrinsically linked to this view of sensors.

This is an ambitious project and several steps are to be overcome. As a result of consistent actions, an already
constructed area of 200 m?, was assigned to the LITS in the TECPAR (Instituto de Tecnologia do Parana) in
Curitiba-PR. Parana State Government already provided an initial budget of almost three hundred thousand

reais, for infrastructure and equipment. An agreement on transfer of technology in sensors is already established
with the CTA (Centro Técnico Aeroespacial).

As far as, the educational part is concerned the team involved is analyzing other programs already established.
There are a number of very interesting isolated initiatives, but as for our knowledge there is no parallel in the
world, to the global approach as proposed here.

At the University level, a specific degree similar to the French, Diploma de Etudes Scientific Superior-DESS on
the Physique des Capteurs et Systemas de Mesure of Université du Paris VI, VI in collaboration with the
Conservatoire de Arts et Metiers-CNAM, is under consideration to be implemented in Curitiba-PR. Similarly to
the French system this shall be a new complementary partial degree directed towards training people for
companies or for them to open their own business with a strong support of private sector. The international
cooperation with exchange of students, professionals an opportunities for internship are being considered,
together with the different and complementary realities.
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Conclusion

The idea of using sensors as a focus for a new view of science and technology teaching, is based on developing
the motivation due to the challenge the sensors pose to peoples understanding, and also because they may lead
to new low cost and high profit business. From the point of view of public politics, there are enough evidences
that society will depend more and more, on precise monitoring of consumption of energy and water and also on
measurements of quality of air, water, soil and food.

A first step on creating a culture where people is motivated to learn about what happens around them, is given
with the creation of the LITS (Laboratorio de Inovag&o em Tecnologia de Sensores). The authors hope this
paper will stimulate new initiatives along the same line, and that this will form an effective network of learning,
teaching and innovating. :
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Abstract

Considering that hidden questions concerning environmental problems involve the existing relationships
between Science, Technology, and Society with nature, a discussion becomes necessary of the effects of these
STS relations in the establishment and maintenance of the environmental crisis. This will make possible a
process of revision of these relations, and the conceptions and values that support them. These considerations,
when brought to environmental education, imply changes in the traditional pedagogical practices, since they
refer to a process that does not have to be restricted to a simple offer of information, also involving the education
of values. Admitting that any proposal of change and alteration to the curriculum for education also depends on
the performance of the teachers, when thinking about the implementation of this proposal we need also to take
into consideration the teacher education for this task.

From these considerations, since the beginning of 2001 the authors have been developing research with the
objective of investigating the influence of an inservice teacher program concerning the understandings and
practices of nine elementary school teachers of Rio Claro city ( S&o Paulo State, Brazil). The data of the
research, still in progress, has been collected mainly from an intervention. The in-service teachers program
occurred between March and October 2001 and was elaborated and developed by us. As we looked much more
for the apprehension of the occurred process than to the product, this research had been conducted under a
naturalistic-qualitative approach. In this work, we give a report of our research, identifying and analyzing the
initial understandings of the teachers regarding the EE, the educative work with values and the STS relations
with the environmental question (which were evidenced in the interviews carried out in the beginning of the
year). We relate them to the work perspectives of our education program.

We perceived an apparent decrease in understanding by the teachers about the EE subjects, the education of
values, and STS relations. The teachers were surprised by many of the presented and discussed
considerations, which were unusual to them. They disclosed their doubts and frustrations about the complexity of
the educative task, demonstrating moments of anxiety in terms of the changes proposed in their conceptions and
practices.

Introduction

Generally we perceive the products of science and technology in our lives but not their influences. In a fast look

‘around us we will observe a great number of scientific and technological products. This is interpreted by many of

us as an unquestionable sign of progress and well being in our society.

This causes ingenuous and optimistic conceptions about the exclusively beneficial influence of science and
technology in our society, since the identification of such products does not imply either the broad understanding
of their processes of production, the distribution and other aspects, nor a critical evaluation of the causes and
consequences of the situation.

In our view, these products represent the visible part of one “iceberg” that if better observed displays a process
of close relation between current science, technology, economy and intensive exploration of natural resources.
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This process began during the industrial revolution with the development of new technologies, making possible
more intensive ways of production of goods.

We focus on the environmental thematic of this perspective. Many of the questions behind environmental
problems concern the existing inter-relations between science, technology, society and nature, from which it
becomes necessary to discuss the effect of these inter-relations on the establishment and maintenance of the
current environmental crisis.

Reflecting on the environmental question, we see it necessary to have these discussions so as not to reduce the
“environmental” to merely management and behavioral aspects (LOUREIRO, 2000, p.13), unlinked to efforts to
develop strategies for a better quality of life for all and the consolidation of a new relationship between
society-nature. Facing the environmental problems, we consider that we are living in a civilization crisis, where
the overcoming of the problems “will involve a historically unprecedented revolution in institutions, systems,
lifestyles and values.”(FIEN and TRAINER, 1993, p.39).

According to this perspective, we look at education, searching for the contribution that the education field can
make towards the confrontation of this crisis.

SANTOS (1999) points out that the theoretical reflections on science, technology and society (STS), from the
1980s, had constituted an international movement that went to school, as a proposal of curricular reform of
sciences for basic education, which resulted in several educative responses to STS problems. The author
presents some “curricular responses,” among them the Environmental Education (EE):

The conviction that the “ environmental question ” is mainly a “social question” and the

verification that the current environmental fight is more than one alert for ecological questions {(...)
drive it in other way. The current fight must be directed in the direction to convince the people to -
modify its habits. It is therefore one fight much more difficult. It will not be easy to substitute a
“catastrophes pedagogy ” by the dismount of consumption habits, by the alteration of
consumption standards (...) However it is basic that STS education learns to live with these
difficulties to be able to help to solve them. (p.133)

So, we consider the approach in the STS relations as essential for an appropriate education of the population,
with the aim to provide conditions for everybody to understand how science, technology and society are mutually
influenced and how they influence our relationships with nature. This will make possible a revision of our
conceptions about these aspects which guide our actions. Agreeing with CARVALHO (1989) we recognize that
it is necessary to have a deep and critical position concerning the current model of the relationship between
science, technology and society, without being influenced by deformations of the ecological movement. The
ecological movement believes, in an extreme way, that environmental problems will be solved by technology,
whereas, in another extreme way, the movement disregards any possibility of technological development,”
inclusive [of] the possibility to guide the technological model in order to guarantee a more healthful relation with
nature.” (p.229) '

However, we think that to deal with the conceptions and values that are behind these different views, in order to-
establish more appropriate changes, it is not enough to work only at the informative level. We consider that it is
necessary to search for education proposals that also include, in an effective way, the specific work on values.

Really, since the First Intergovernmental Conference on Environmental Education, organized in 1977 for
UNESCO, in Thilisi, Geoérgia, the recommendations of meetings and reflections regarding the EE have generally
indicated that it does not have to reduce to a simple offer of knowledge, but also can involve aspects relative to
ethical and aesthetic values.

Despite this, many studies have pointed out that aspects related to values are either disregarded or wrongly
taught by the teachers. In our opinion it happens because, in spite of the discourse that characterizes our
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educational system and which presents as equally important the acquisition of knowledge and the formation of
habits, attitudes and values, these last aspects have not been paid the same attention. The emphasis of the
discussions pertaining to schoolwork concentrates on the content related to the information and concepts; the
remaining aspects being little explored. The inclusion of an emphasis on values along with the other school
content implies, therefore, a significant change in traditional pedagogical practices.

From these considerations, it appears necessary to focus on the figure of the teacher. When making any
innovative proposal for education, we also have to reflect on the teacher, since the teacher is one of the
essential elements in the effective implementation of any innovation. It is also necessary to think about the
teacher's education: “All educational change depends on the teacher and the teacher’s education”. (NOVOA,
1992).

Knowing that working with the conceptions and values linked to the STS relationship is a perennial proposal for
the EE, and recognizing that the deeper work on and with values in general is traditionally not part of education
(neither professionally or personally for the teachers) there is a need to promote this approach in the programs
of teaching education, looking for and constructing experiences that can support this educatlve proposal.

We do not conceive the teacher education program as a transmission of knowledge and Skl"S. The teachers are
not mere consumers of academic knowledge presented to them in pre- or inservice programs, they are active
knowledge-makers: to learn to teach is a complex process that involves affective, cognitive and ethical factors,
amongst others (MIZUKAMI, 1998). Following diverse approaches and perspectives, research on the
professional education of teachers has grown in the last years, from the basic concern being to gain an improved
understanding about the process of “Iearmng to teach.”

Thus, we consider that the education of teachers for a proposal - in this case, the value approach of the EE -
cannot only be understood while thought for external specialists, but together the teachers who will live this
“experience of learning”, presenting their reflections, difficulties and possibilities of understanding and working
about this innovation, that can subsidize the establishment of programs better directed to the teacher needs.

The Research

The previously expressed view led us to the present research. We want to better understand the nature of the
apprehension process by the teacher concerning a proposal of EE. It is considered by us to be complex, due to
its inherent value content. Thus, our concerns had led us to the following research question: what is the
influence of an inservice education program that looks to promote activities and reflections regarding the value
approach of the EE on the understandings and practices of the participant teachers?

The data of the research, still being collected, has been collected mainly from a program, the in-service teacher
program held between March and October 2001, which was elaborated and developed by us. As we looked
much more to the apprehension of the occurred process than to the product, this research has been conducted
under a naturalistic-qualitative approach (LUDKE and ANDRE, 1986).

We worked at the municipal school network of Rio Claro city, with teachers interested in the program and that
had a free schedule: 7 teaching at the elementary education, and 2 occupying other positions (one vice-director
of a elementary school and one coordinator of the EE Section - Municipal Secretariat of Education). Among
them, 8 were graduated (full or in progress) and all spontaneously looked for the course.

The course was organized in eight biweekly meetings during the 1st semester and two in the following semester,
each one having a 3-hour duration. The first semester was dedicated to the exploration of some subjects related
to the themes of the course, presented accompanied by various activities, like group dynamics and others, from
which were raised aspects associated with them and the treated subjects. The last two meetings were devoted
to the presentation and to the posterior evaluation of an educational plan elaborated and developed by the
teachers in their work.
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After each meeting, the participants had agreed to register their personal reflections in a diary. These are being
collected for reading and deeper analysis. These will serve as a data source together with the interviews carried
out with the teachers before the course. The notes are related to the facts of the meetings, the plans of teaching
and the final evaluation of the course elaborated by the teachers.

In this work we will make a report of the research, identifying and analyzing the initial understandings of the

. teachers regarding the EE, the values education and the STS relationships with the environmental question
(which were evidenced in the interviews carried out in the beginning of the year), relating them with the work
perspectives of our education program.

The duration of the interviews (semi-structured) was about 30 minutes and was guided by a basic script
containing the general items it was intended to contemplate: the EE, the educative work with values, the STS
relationships, and the environmental question. With regards to the two initiai items, we asked teachers about if
and why they considered each one important; if she believed that her school currently carries out this work and,
if yes, how it occurs. With regards to the last item, from our affirmation that it was one of the topics of the course
contents, we asked if the interviewed teacher knew some relationship between them. The interviews were
recorded on a tape cassette and later transcribed with each teacher identified using a capital letter.

Results And General Discussion

Using the proper sequence of items proposed in the interviews, we will make the presentation and analysis of
the data obtained in them: the thinking and ideas of the teachers regarding the EE, values education and STS
relations with the environmental question.

1. Environmental Education

The teachers had spoken much about this aspect, explaining their ideas on the subject as well as their
experiences: all already had had some practice, including one that just started to teach, i.e. had only 6 months of
experience by the time of the interview.

In our view, this familiarity was due to the main fact that in the municipal school network the EE is part, as of
some years ago, of the annual programming of the schools, because the municipality adhered to the EE
Program “Water Week”, that has been promoted in more than 30 cities of the state by the inter-municipal trust of
Piracicaba and Capivari river basins.

Despite 'this, and perhaps exactly because they had already initiated their work with the thematic and perceived
the challenges that it requires, 5 teachers explained in the interview the necessity to have a deeper knowledge
about this topic and that this was reason why they had looked for the course.

When speaking about the importance of the EE, some ideas are reflected in the incidence of the use of specific
terms or phrases: “the necessity of awareness” (term used by 5 of them), of “take care/preserve/conserve the
nature or environment” (referred to by 4 teachers) and the references to a generic man, who “needs to be
educated/aware” (referred to by 6 of them). Regarding this last idea, references had not been made concerning
different social sectors or institutions involved with the environmental question, except for references made by 2
teachers of people living at the periphery city with which they had worked. They pointed out that the cause of the
environmental problems in these places were the lack of awareness and notion of preservation of this
community, which they had considered an education question.

According to the explanations, the general views of the teachers regarding the EE appear to be still linked to a
traditional conservationist model whereby the basic aim is to change the individual behavior, and in which the
structural causes of the environmental problems are presented as asocial or universal.

When looking for the characterization of work on the EE topic, we asked them if they recognize a school carrying
through this work and two kinds of responses were made. Four teachers had noted the importance of the
environment of the school as important in this process, as described below:
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“I think about the school attitude: the attitude the school has. Sometimes one speaks: ‘Ah, |
discuss EE with my pupils, this is a very important subject in my school... ‘ But you see little of EE
attitudes inside the school. You do not see trash recycling barrels, or plants in the school, and
the environment is dirty and disorganized... Why do you work on EE if the proper school features
do not help? (A)

Three teachers had detected the subject or content that had been worked on in their schbols - basically the
subjects water and trash — and one of them added the necessity of working with the community to which the
school belongs. :

The perception of the necessity of the coherence between the school environment and the “speech” seemed to
us to be a significant aspect, representing us to be an aperture to the reflection that restricted work with
information is not enough for the broad purposes that we consider as the EE.

When we asked them if they carried out activities on EE (when they were teaching), the two teachers occupying
other positions, had affirmed that when they were teaching (some years ago) they did not in fact carry out
activities on this topic because information had not reached her (“S" speech) or the subject had not been
considered (“V" speech).

The others had affirmed to work with the EE (always or sometimes), but when describing their work, the
emphasis was in nonspecific actions, making use of situations, texts and talks to fit the subject into the lessons,
as may be observed in the following example:

“I generally think, | always try to pay attention to these things and offer some texts, activities that
I find and that | consider good for this subject.” (P)"

If this characterization may point out to the understanding of the permanent and transversal characters of the
subject - what we consider coherent with the EE proposals - we can question if this would not be occurring in
detriment of the elaboration and development of more specific activities. If they were directly organized for this
end they would allow us to take care more intently of the several aspects demanded by the work.

2. Values education

When requested about the work with values, the responses were generally more vague and uncertain than the
previous ones. At some moments, some teachers had demonstrated clearly a disconnection of ideas. This we
interpret as being due to a lesser familiarity with the subject.

From the general responses, it is inferred that all teachers had considered that work with values is important
because the values serve as a basis for capacities diverse and always positive, despite not having explained
how it would occur. This can be observed in the following examples:

“ I think about how we will be able to live in a better world if people do not have this awareness
about values? | think this: in order for everything to be alright, in order we will be able to make a
good work, the main aspect is to develop values inside us, isn't it?”(R)

“It is extremely important. To work with values... and | think it is important in any situation, do
you know (...) If you do not work with values you will not have human being that... decides
exactly, that has awareness about what is able to do and to help, did you understand me? (V)

Following the interview with this last teacher, there is an example of an answer that shows a confusion of ideas.
When we asked her to identify a school or teacher working with values, she answered in a circular way:

“ Attitudinal values? What kind of values? (...) Ah, | think that it is to construct the day-by-day. |
think that everything inlays values. Everything. Conceptual values, attitudinal values, | think
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that... it is inside of the day-by-day. | think that when a teacher is teaching any kind of discipline
in the classroom, he or she has to work with values.” (V).

When asking the teachers if and how a school would work with values, two of them had answered strongly that |
the school always does it. Together with another two teachers, they had mentioned the spontaneous work
realized through the attitudes and daily examples.

Two other teachers had answered the question supporting them in an example of work carried through in their
schools, i.e. about rules (teacher “Z") and water wastefulness (teacher “L").

Another three teachers considered that the school had not carried through this work, or had not been able to say
how it would be:

“ Ah, | think it is difficult. | would not be able to give an example showing it to happen.” (P)

“No. Because | think people are careful when involved with that ... it is a wound...; itis not a
wound, as | told you, is an inner thing, and to you toil it ... It is a little monster inside you. If you
toil it, you will have to manage it, and then? | think this thing of toiling with their values...
Because you will know an unknown thing suddenly. People are afraid to toil with the unknown.
So, this thing to toil with the values is... for instance, you toiled, then, you must support the
consequences, right? | think our system never allowed it.” (S)

Beyond the previous explanation, another teacher showed the delicacy or “danger” of this work, disclosing the
difficulties to deal with it:

“ Then | think that... is mainly by the example, ok, and always trying to discuss with the pupils,
also trying to understand their values... trying to understand their values, because there are
differences, ok, for example, from one suburb to another, from my life to them. Trying to
understand this value and trying mildly to say that there exist other values that are not the ones
that they have, ok. But here there is a danger. Here there is a problem.(B)

Beyond this last teacher touching on the same aspect in another moment of her interview, another two (*S” and
“P") also had made comments regarding the necessary care with the other people’s values, demonstrating the
consideration of these three teachers concerning this aspect.

At the same time, these considerations point out the need to consider the question of the universality vs.
relativity of values. This is one conflict concerning the subject of the values education. For us, values education
can and must be based on the rational and autonomous construction of principles. Thus, preventing extremist
positions and considering that not everything is equally correct. That we have possibilities based on reason,
dialogue, and desire of value, which can allow us to determine some valuable principles that, despite to be
abstract and formal, may serve as guides of the judgement and human behavior (PUIG, 1998).

When asked if they had worked with values, no teacher denied it. For characterizing their work, six teachers
(teachers “P", “Z", “S”, “G”, “A" and "V") had mentioned the spontaneous and nonspecific work occurring
day-by-day, through inner attitudes. Another six teachers (teachers *P", “B”, “A", “L", “Z" and “R") had mentioned
the work were held through talks, allowing a dialogue with the pupils and explanations of subject/rules, as can be
observed in the following examples:

“I try to be talking with them about what happens: ‘Ah, | threw the paper on the ground’. - ‘ Why?
What is happening?’. | don't simply say ‘You cannot throw'. Then, we stop and talk about the
value related to throw there and not here; why not pulling out the notebook leaf... Then, | think
that all these things have a subjacent value.” (A)
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“I work... look, | work most of the time, ok (...) Including inside the room, by this wéy: a colleague
to respect the other, to respect the teacher ... to conserve, ok, to help to conserve, to help to
keep clean, ok; for example, we have a little garden there, then, | say to them: ' Look, everything
is beautiful, let’s keep it this way’ (...) Come on, when you will have a snack, try to make... the
waste place is in the litter’."” (2)

Such speeches had demonstrated the existing lack in the school of better ways or procedures of working with
values, and what must be explored in teacher education programs contemplating this subject.

3. The STS relationships and the environmental question

In our view, this was the less familiar subject to the teachers, as evidenced by the lower number of opinions and
greater number of disconnected phrases. Four teachers (“P”, “L", “B” and “G") had explicitly declared not to
perceive - or only to perceive a little - the existing relation between these aspects.

Two teachers had tried to emit ideas about the subject from their previous experiences that had been anyway
associated with the technology. One of them commented that the work carried out in her school about the World
Olympiads, when the teachers had presented to the pupils “(...) an example of the application of the joined
technology-science relationship (...) So, we tried to bring to the school a thing that is very distant of them, despite
not to be”. (P).

Following the same interview, when asked if the teacher “P” thought that the discussion involving science and
technology could help in the EE works, she unconfidently answered:

“I'think so, because | believe that from the moment we understand how it operates... | do not
know if it is correct, that these relationships operate with the environment; | think that we can pay
a little more attention to that | make, what | do not have to make, what will prejudice later... with
relation to the environment itself, ok, degradation, everything more. Then, | think at least it
supplies a little bit of conscience. At least the conscience... it supplies knowledge about the
operation, ok."(P).

From this and other responses, it was perceived that the maximum knowledge of the teachers relative to STS
relationships was some prompt and particular aspect, in which the words science and/or technology appeared to
be associated with some invention (i.e. television) or activity (in the case the World Olympiads).

Many confused phrases had been emitted, perhaps trying to give any response to the formulated questions.
Two responses were more coherent, where the technology was the main or only detached aspect, involving its
relation with the environment. Teacher “V” and “A” had pointed out that the technology could bring about either
benefits or damages for the environment, but “A” expressed the idea that education would be the “key” to link the
two: “ it is not enough for somebody to go ‘there’ [nature] and to improve it if other people do not conserve it”.

Teachers “G” and “S” articulated ideas better. The last pointed out significant elements with respect to the
understanding of the subject, perhaps due to her experiences and studies in the EE Sector of the city, where she
was engaged. But, in our view, she also presented an extreme position when considering exclusively the
damages that the technology causes to the environment, as well as referring to a general “egoistic man,” like
perceived in the dialogue:

S - Ah, if you consider the EE history you will see that ‘the thing’ only had transformed after the
industrial revolution, when the technology started to dominate the space, time... and to remove
from nature what could be favoring human beings.

I read in some place that man is very egoistic because he wishes things, more and more, without
any utility. Then | thought to myself: ‘Oh, my God, if | was living in a tent? With something, i.e.
meat to eat, | would stay years there... How much do | actually need to consume? How much do
I actually need from everything? Because today even to break eggs we will have a...
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Researcher - A little machine?

S - Yes, a device! Then, to what degree is in fact necessary to have this device to break eggs?
So, the people... like me have many household-electric machines in the house, but... | do not
know, for example, if everything burns, am | going to die? I do not think so, | think that... we need
to retreat... | think that... it is the only way.

Researcher - How to retreat?

S - Finishing with all this technology. It is too much technology. Then, they are inventing things
without any necessity, it do not have... you know. | do not know...! think everything is linked:
environment, technology, you know, each thing is linked with the other, ok.

With respect to the considerations of teacher “G”, probably enriched at the Geography graduation course she
was attending, the relation between science and technology was clearer, as can be now observed:

“(...) Let's suppose... science develops several theories, several... thus, let's suppose, as | could
say, even several instruments of work, which would be more a technological task, that will have a
consequence on nature, that can be either a beneficial or maleficent thing, ok. | am not sure. |
think one-thing influences another, ok; but we do not have enough conscience about this
influence, therefore sometimes prejudicing nature. We exert a force beyond the limit supported
by nature and, then, you have responses to this too.” (G)

Although demonstrating a higher understanding of science-technology relations, teacher “G” presented a certain
ingenuousness when mentioning the “damage” we cause to nature due to our little “conscience”. Perhaps we
have lacked a higher link with the economic aspects of our society, from which we can perceive that our interests
generally do not consider the environment.

Anyway, despite the reasonable understanding of the subject, teacher “G” explains how difficult it is for her.
Being a student of a Geography course, her explanation, allied to the comments of teacher “L", already
graduated in the area of Biological Sciences (who affirmed that the subject was complicated and was not treated
in her graduation course), only reinforced what the data revealed from the other teachers: the quasi total
absence of this reflection among the teachers.

Final Considerations: The Perspectives to Work with These Subjects in an Inservice Education Program

Although our comments regarding the apparent higher understanding of the teachers relative to EE, our analysis
demonstrate that the EE vision of the teachers was distant of the referential adopted by us, in which the
discussions from the STS movement are essential for understanding the environmental question. Since they
were unknown by most of the teachers, the same occurred with our EE perspective. Thus, the program
presented, in several meetings, activities and discussions where these aspects were linked. Analogously, the
educative work on values weakly carried out by the teachers was presented more specifically in other meetings.

During the program, some ideas of the teachers were strengthened and innovated, but also many concerns and
frustrations appeared, due to the emergence of old ideas and the insecurity of the new ones. In many activities
and discussions during the meetings, the teachers had referred to the frustration they felt in perceiving how
much of our daily action - personal and pedagogical - is distant than considered more appropriate from the
adopted referential.

We also perceive that many concerns and frustrations of the teachers were generally linked to a “dichotomist”
vision of the process of change, considering both the inadequate/intended visions and practices, and wishing to
move fast and completely from one side to the other.
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Considering that the process of learning to teach is a complex and personal process which develops throughout
the teacher's life (MIZUKAMI et al, 1998), it is not possible for only a single program to cause substantial
changes in the conceptions and practices of the teachers. However, admitting that a program provides for a
more effective chance for this construction, we think it can exert some influence when taking into account this
procedural feature, by accompanying and supporting the discoveries, reflections and feelings of joy, anxiety and
frustrations that appear to the teachers.
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Summary

A decade after the Rio Conference on Environment and Development, a serious effort is still necessary to make
citizens -and even educators- aware of the gravity of the current situation of planetary emergency and of the
necessity of studying and applying effective corrective measures to meet the demands for future generations
before the degradation process becomes irreversible. The purpose of our contribution has been to construct a
global picture of the state of the world, studying thoroughly the possible causes and remedies in order to avoid
reductionist approaches to this essential component of citizens’ education.

With this aim, we have made an effort to take into account the contributions of different studies elaborated with
an explicit global point of view. We have also analysed papers published on the subject in science education and
environmental education journals. Finally, we have undertaken a Delphi study implicating several dozens of
science teachers of all levels and from different countries.

Introduction: A decade after Rio

During the Conference on Environment and Development held in Rio in 1992, educators of every subject were
asked to contribute to public awareness and understanding of the problems and challenges related to our planet's
future, in order to make possible citizens' participation in well grounded decision-making (United Nations 1992).

Why: should all educators incorporate the state of the world as an important dimension of their activity? And why
now? Until the second half of the 20th Century, our planet seemed very large, practically without limits, and the
effects of human activities remained locally compartmentalised. But these compartments have recently begun to
dissolve, and many problems (greenhouse effect, ozone depletion, acid rain...) have acquired a global
dimension (Bybee 1991; Fien 1995). This applies in particular, signalled the World Commission on Environment
and Development (1987), “to the various global crises that have seized public concern, particularly over the last
decade. These are not separate crises: an environmental crisis, a development crisis, an energy crisis. They are
all one”. We can, in short, speak of a planetary crisis (Bybee 1991). The “state of the world” has become, for this
reason, an object of growing concern.

A decade after the Rio Conference, and in spite of such dramatic appeals, a serious effort is still necessary to
make citizens -and even educators- aware of the gravity of the situation and of the necessity to study and apply
effective corrective measures before the degradation process becomes irreversible.

The purpose of our contribution is, very precisely, to contribute to the construction of a holistic view of the state
of the world and of the measures to be adopted.

1. Beyond the consideration of local environmental problems
If we want to understand correctly the current situation of planetary emergency and how to act upon it, it seems
necessary to go beyond the consideration of some concrete or local environmental problems. We need to
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construct a global picture of the state of the world and to study thoroughly the possible causes and remedies.
With this aim, we have made an effort to take into account the contributions of different studies elaborated with
an explicit global point of view, as the Worldwatch annual dossiers on ‘the state of the world’ (Brown et al.
1984-2001), ‘Our Common Future’ (World Commission on Environment and Development 1987), ‘Agenda 21’
(United Nations 1992) or “The World Ahead: Our Future in the Making (Mayor Zaragoza 2000).

We have also analysed papers published on the subject in science education and environmental education
journals. Finally, we have undertaken a Delphi study implicating several dozens of science teachers of all levels
and from different countries (Argentina, Brazil, Chile, Cuba, Mexico, Panama, Portugal, Spain). This Delphi study
has been based on an open-ended question that we present in Table 1.

Table 1. An open-ended question aimed at constructing a global view of the state of the world

PROBLEMS AND CHALLENGES THAT HUMANITY HAS TO FACE NOWADAYS

We live in a time of accelerated changes and of growing concern about how these changes are affecting
humanity and the whole of life on Earth. This concern about the “state of the world” must have a clear echo in
science education and generate studies capable of helping to make well-founded decisions.

We invite you to participate in one of these studies, enumerating the problems and challenges that, in
your opinion, humanity has to face nowadays and in the near future. We intend, with your help, to
collectively construct an image as complete and correct as possible of the current situation and of the
measures to be adopted.

What picture of the state of the world do we obtain with these convergent studies?

2, Sustainability as a central unifying idea ‘
When thinking about problems and challenges concerning the future of humanity, the basic aim signalled by
experts is to lay the bases of a sustainable development (World Commission on Environment and Development
1987, Folch 1998).

The World Commission on Environment and Development (1987) defines sustainable development as one
which “meets the needs of the present without compromising the ability of future generations to meet their own
needs”. This definition seems to have obtained a wide consensus, but in many occasions this consensus is
purely formal and hides serious misunderstandings as, for instance, interpreting ‘sustainable development’ as a
‘sustained growth’, which is, of course, the opposite. For this reason, the expression ‘sustainable development’
has begun to be critically analysed giving place to the use of other expressions such as ‘construction of a
sustainable society'. Nevertheless, sustainability continues to be “the central unifying idea society most needs at
this point of human history” (Bybee 1991).

But, how are we to move towards a sustainable society (or sustainable development)? Experts (United Nations
1992; Fien 1995; Tilbury 1995) refer to the necessity of putting an end to a series of facts, each one having
particular importance and deserving particular attention, but completely linked to the rest: none of them can be
understood or treated without taking into account the whole ensemble.

3. A global view of the problems that affect our survival

To make possible the sustainability of human lif it is not enough to criticise —as is usually done- environmental
pollution and its consequences (greenhouse effect, acid rain...) or depletion of natural resources. There are
other problems to be taken into account:

First of all it is necessary to denounce economic growth guided by particular interests in the short term, as the
foundation of the current degradation processes (World Commission on Environment and Development 1937;
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Brown et al. 1984-2001). This economic growth produces, among other things, these particular problems:

Multifaceted environmental pollution, of air (due to heating, transport and industrial activities), superficial and
subterraneous waters (due to polluting substances poured without purification into rivers and seas), and soils
(particularly due to the storage of dangerous substances such as radioactive waste, heavy metals, oil...).
Pollution which produce consequences such as acid rain, the green house effect, ozone layer destruction... and
a global climatic change.

This pollution is associated with a growing, disordered and speculative urbanisation which in a few decades has
multiplied the number and size of big cities.

It is necessary, on the other hand, not to forget other forms of pollution such as acoustic and light pollution
(particularly damaging for living creatures) or spatial scrap, with thousands of fragments which encircle the Earth
and menace the satellite communication network.

Depletion of natural resources, not only of fossil energy resources or minerals, but also of fertile soil layers,
water resources...

Ecosystem degradation and the destruction of biological diversity (with serious consequences for the
sustainability of human life) and, in particular, of cultural diversity which generates a sterile uniformity of cultures,
landscapes and ways of life . As Folch (1998) signals, “why should we worry about cultural less than biological
diversity?”. Table 2 summarises this ensemble of environmental problems which affect the survival of humanity:

Table 2. Ensemble of environmental problems which affect the survival of humanity

» Socio-economic growth, guided by particular interests in the short term, which seriously damages the
environment and is particularly dangerous for living beings

This economic growth produces, among other things, these particular problems:

+ A growing, disordered and speculative urbanisation

» Environmental pollution and its consequences (greenhouse effect, acid rain, global climatic change...)

» Depletion of natural resources (fossil energy resources, fertile soil, drinking water...)

» Ecosystem degradation and destruction of biological diversity (cause of illness, ravenous hunger...)

« Destruction, in particular, of cultural diversity

We must emphasise that the attention paid to these different problems in the answers given in the Delphi study
(see table 1) is not homogeneous: while most of the answers include environmental pollution, depletion of natural
resources and destruction of biological diversity among the main problems humanity has to face, there are few
references to related problems such as growing and disorderly urbanisation or the destruction of cultural diversity.
We find similar results in papers published in science education journals and in high school science textbooks.

These frequent omissions are a clear example of the reductionism that characterises the attention that we
educators pay, in general, to our planet's problems (Fien 1995). In contrary to these reductionist views, we have
to recognise that, as Tilbury (1995) states, “environmental and development problems are not solely caused by
physical and biological factors” and that “an understanding of the parts played by aesthetic, social, economic,
political, historical and cultural elements is required”.

Reductionism must also be avoided in relation to the possible causes of the degradation of the Earth. We shall
briefly discuss these causes in the next section.

4. Causes of an unsustainable socio-economic growth

Attending to the analyses of institutions such as the World Commission on Environment and Development
(1987) or the Worldwatch Institute (Brown et al. 1984-2001), we have referred to economic growth, guided by
particular interests in the short term, as the foundation of the current degradation processes.
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But this economic growth is intimately related to other phenomena that should be considered as well. Firstly,

experts draw attention to the over-consumption of so called “developed countries” and, we mustn't forget, of

dominant groups in any society. A consumption that keeps growing as if the Earth’s capacities were infinite is
indefensible (Folch 1998).

Secondly, it is necessary to halt the demographic explosion on a planet which has limited resources. References
to this problem are rare in most of the answers in our Delphi study and there is a frequent resistance to
accepting that a growing population poses a serious problem today. The fact that most Europeans (including
educators and politicians) see the current low birth rate in Europe as a problem, instead of a positive trend, is
quite illustrative of the near absence of values related to sustainability. It seems appropriate, for this reason, to
* present some data about the influence of demography in relation to the present unsustainable rate of economic
growth (World Commission on Envnronment and Development 1987; Folch 1998...):
Since the second half of the 20" century, more human beings have been born than in the whole of
humanity’s history. As some authors have pointed out, soon there will be as many people alive as deceased
in all history; half of all human beings that have ever existed will be alive (Folch 1998).
 The present population would need the resources of three Earths to generalise the standard of living of the
developed countries (United Nations 1992).
* Although the rate of population growth has lately diminished, this population increases every year by about
80 million and will double again in a few decades.

Such data have led Ehlrich and Ehlrich (1990) to affirm emphatically that, without any doubt, the demographic
explosion will soon stop. What we do not know is if the end will arrive in a gentle way, through a diminution of the
birth rate, or tragically, through the growth of mortality. These authors add that demography is the most serious
problem humanity has to face today, given the time gap between the start of an appropriated programme and
the beginning of population decline. Population stabilisation appears then as a fundamental requirement to halt
the destruction of natural resources and guarantee the fulfilment of everyone's basic needs.

In short, over-consumption and demographic explosion determine an economic growth which is extremely
corrosive to the physical and cultural environment. On the other hand, over-consumption in developed countries
and demographic explosion in others provokes grave inequalities. Billions of fellow humans are scarcely able to
survive in non-developed countries and wide segments of the “first world" are excluded... while a fifth of the
human population offers its high-consumption model (Mayor Zaragoza 2000).

Extreme poverty in undeveloped countries, which is a consequence of the demographic explosion and of the
imposition of particular interests and values (through colonialism or the speculations of trans-national
enterprises) leads inexorably to an unsustainable exploitation of natural resources, in a desperate attempt to pay
back interest, satisfy external debts and gain some benefit.

Finally, we mustn't forget the conflicts and violence associated with these inequalities and values: wars,
terrorism, Mafia activities... or the imposition of the interest of trans-national enterprises interests which escape
any democratic control. Table 3 summarises this ensemble of causes (and at the same time consequences) of
an unsustainable economic growth and of the consequent degradation of the habitability of our planet.

Table 3. Ensemble of causes (and at the same time consequences) of an unsustainable economic growth

= Over-consumption of “developed” societies and dominant groups in any society

« Demographic explosion in a planet of limited resources

» Social inequalities between human groups

» Conflicts and violence associated with these inequalities (wars, terrorism, Mafia’s activities... or the
imposition of the interest of trans-national enterprises which escape any democratic control)

But a holistic approach to the state of the world demands more than diagnosing the problems; it is also
necessary to study the possible solutions to the described planetary crisis, in order to help citizens explore
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alternative approaches and to participate in actions aiming to favour particular alternatives. To study just the
problems provokes at best indignation and at worst despair (Tilbury 1995). It is necessary, then, to search for
answers to the question: What positive measures can be adopted?

5. What positive measures can be adopted?

We can structure the different proposals made by researchers and institutions into the following three groups:

« technological measures to better satisfy human needs without damaging the environment;

. educational measures to make possible the necessary changes in personal values and life-style choices;

« political measures at a planetary level to avoid the imposition of particular interests and values harmful for
other people or future generations. '

We shall now discuss in certain detail each one of these measures.

5.1.Technological measures :

There is general agreement about the need for technologies which favour sustainable development. The

proposed measures extend to the search for new energy resources, the improvement of efficiency in food

production, the prevention of ilinesses and catastrophes, the diminution and recycling of waste... But, what are

the criteria to distinguish when a technology favours sustainable development? Experts suggest two obvious

principles:

« The gathering rates of resources must not surpass the regeneration rates (or, for resources that are not
renewable, the creation of renewable substitutes).

« The waste production rates must be lower than the assimilation capacities of the ecosystems.

Additionally they insist on the fact that we are passing from an economy of an empty world (where technology
was the limiting factor for taking profit from the exploitation of natural resources) to an economy of a full world,
where the natural capital will be more and more the limiting factor. In other words, the aim of technology for
sustainable development must be to increase the efficiency of the resources, rather than raise their extraction
rate. This means, for instance, that we need to invent more efficient lamps instead of constructing more electrical
power stations. :

But, although technology has an important role to play, it is necessary to question the widespread and erroneous
idea that the solution to the serious problems which humanity has to face today depends solely on a better
knowledge and on more advanced technologies: options and dilemmas are essentially matters of ethics (Tilbury
1995). This conclusion directs us in part to the educational measures we have to consider.

5.2. Educational measures

The educational measures proposed to contribute to a sustainable society put the accent on global analyses and
solidarity (Delors et al. 1996). Such measures overcome the usual tendency to attend to particular interests in
the short term (or to follow habits that correspond to an ‘empty’ world of isolated compartments). We need an
education that contributes to a correct perception of the state of the world and prepares citizens for
decision-making, generating responsible attitudes and behaviours oriented to the attainment of a culturally plural
and physically sustainable development (Bybee 1991; Fien 1995; Tilbury 1995; Mayor Zaragoza 2000).

Questions like “What energy policy should be promoted?” or “What role should be given to genetic engineering
in the food industry?” and “What controls on GM food production should be introduced?” demand informed
decision making and the adoption of suitable policies. We need an education that promotes responsible
behaviours, not just favourable opinions and attitudes.

It is necessary for such an education to promote the questioning of conceptions that are presented as “obvious”,
without alternatives, thus obstructing the possibility of making choices. This is the case, very particularly, of the
idea of competitiveness. Everybody speaks of competitiveness as something absolutely necessary, without
realising that it is a type of behaviour which is incompatible with the aim of sustainable development. In fact,
success by one person or group in a commercial battle implies the failure of others. This is contradictory, we
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insist, to the characteristics of a sustainable development, which has necessarily to be global and embrace the
whole planet.

Instead of promoting competitiveness, we need an education that helps students and teachers to analyse the
efficiency of our actions from a global viewpoint, taking into account their repercussions in the short, middle and
long term, both for ourselves and for the whole of humanity. We need an education that helps to transform the
current economic globalisation into a democratic and sustainable project (Delors et al. 1996) that enhances the
richness of biological and cultural diversity. Nevertheless, it is quite frequent to hear some doubts about the
effectiveness of such an education, “given that individual behaviours have a little influence on such big problems
as, for instance, resource depletion or environment degradation” (ibid.). These problems, it is affirmed, are
provoked, basically, by big industries. But it is easy to show (very simple calculations are needed) that although
an individual can save a very small quantity of energy or materials, when these quantities are multiplied by
millions of people, the totals that could be saved become quite large, with a consequent reduction of
environmental pollution and degradation. In fact, appeals to individual responsibility are multiplying; they include
detailed lists of possible concrete actions in different fields, from water and food supply to traffic, from cleaning,
heating and lighting to family planning.

On the other hand, individual contributions can and must go beyond the private domain and extend to
professional, social and political activities. Citizens can support, for instance, non-governmental-organisations
and political parties which promote solidarity and environmental protection; they can also demand positive
actions by public institutions (town councils, parliaments). It is necessary, in particular, that individual and
collective actions avoid local or partial approaches and contemplate many-sided environmental questions
(pollution, resource depletion...), and other related problems such as social inequalities and conflicts, from a
planetary perspective. The ecologists’ slogan “to think globally and to act locally” has its limitations: we now
know that it is necessary to act globally as well, adopting political measures at a planetary level, capable of
avoiding the imposition of particular interests and values harmful to other peoples or to future generations. We
comment on this in the next section.

5.3. Political measures

The adopting of planetary political measures is contemplated by most citizens and educators with scepticism and
with a certain reluctance. Scepticism because previous attempts have shown little effectiveness. Nevertheless,
pollution that recognises no borders reminds us that we are living - for the first time in human history - in an
interconnected civilisation which embraces the whole planet. We can understand then the absolute necessity,
also for the first time in human history, for a political integration that puts environment, as the common
substratum of life, above the economic interests of any country, region or trans-national enterprise.

We could think that the danger of exclusively local approaches is disappearing because of the present
vertiginous process of economic globalisation. Paradoxically, this process is not global at all when it concerns
the survival of life on our planet: in spite of so much talking about globalisation, our approaches continue to be
partial. We do not consider, concretely, environmental destruction... or rather we take it into account, but not in
order to avoid it. Economic globalisation irresistibly pushes to displace production centres towards countries
where ecological norms are less restrictive.

Economic globalisation appears, thus, as something quite unidimensional. Because of this, planetary norms are
necessary in order to avoid a general environmental degradation process. For this reason, political integration on
a planetary scale is considered to be something absolutely urgent; an integration capable of promoting and
controlling the necessary measures to protect our social and physical environments, before the degradation
process becomes irreversible.

In short, a new world order is required, based on co-operation and solidarity, with institutions capable of avoiding
the imposition of particular vested interests harmful to other people or to future generations (Folch 1998; Mayor
Zaragoza 2000).
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The ensemble of measures just discussed, appears nowadays to be associated with the need to universalise
human rights. The next section is dedicated to clarifying this relationship.

5.4. Sustainable development and human rights

It may seem strange to establish such a direct relationship between human rights and sustainable development.
In fact, very few of the answers to our Delphi study or of the papers related to environmental problems, consider
that overcoming the current degradation processes and inequalities is a question of human rights. For this
reason, it is necessary to clarify what is understood nowadays by human rights and how they are related to
sustainability (Vercher 1998).

We can refer, firstly, to democratic civil rights (opinion, association...) for everybody, without social, ethnic or
gender limitations. They constitute a condition sine qua non for citizens’ decision-making about current and
future environmental and social problems (Folch 1998). They are known nowadays as “first generation human
rights”, because they have been the first rights to be demanded and obtained (not without conflicts) in a growing
number of countries. In this respect, we must not forget that the ‘Droits de 'Homme' of the French Revolution (to
mention a well known example) excluded women explicitly; they only achieved the right to vote in France after
the Second World War. Neither must we forget that such basic rights are systematically violated every day in
many countries.

We refer, secondly, to economic, social and cultural rights or “second generation human rights” (Vercher 1998) as:

« The universal right to a satisfying job, overcoming insecure situations to which hundreds of millions of human
beings (including more than 250 million children) are submitted;

« The universal right to an adequate dwelling in an appropriate physical and cultural milieu;

« The universal right to appropriate nourishment, both quantitatively (avoiding under-nourishment of billions of
fellow humans) and qualitatively (avoiding unbalanced diets);

« The universal right to health. This requires resources, research and education in order to fight infectious
illnesses (cholera, malaria..., that are still ravaging many third-world countries) and the new ‘industrial’ and
behavioural illnesses (such as tumours, depression, AIDS...). It is necessary, above all, to promote healthy
milieus and habits as well as solidarity with handicapped people;

« The universal right to family planning and free enjoyment of sexuality (the only limitation being the freedom of
others) overcoming the cultural and religious barriers which condemn millions of women to submission;

= The universal right to an education of quality, throughout one’s life, without social, ethnic or gender
limitations;

» The universal right to culture, in its widest sense, as a supporting axis for personal and collective enrichment
and development;

= The universal right to investigate any kind of subject (the origin of life, genetic manipulation...} without
ideological limitations (like, for instance, those which prohibited Galileo’s works) but with a suitable degree of
social control. This control must take into consideration social and environmental consequences and prevent
the hasty application of insufficiently tested technologies.

Finally, we refer to third-generation human rights, known as solidarity rights “because they tend to preserve the

integrity of the whole population” (Vercher 1998). They incorporate the right to life in a suitable environment, the

right to peace and the right to a sustainable development for all people and future generations:

= The right of all human beings to an environment appropriate to their health and welfare. As Vercher (1998)
states, the incorporation of this right as a fundamental human right derives from an unquestionable fact: “if
degradation of environment goes on at the current rate, its maintenance soon will be the most fundamental
question of survival for everybody, anywhere... The later we recognise this situation, the bigger will be the
necessary sacrifices and difficulties which need to be overcome to achieve an appropriate recovery”.

= The right to peace, which involves the prevention of particular or vested interests (economic, ethnic,
cultural...) prevailing over general interests and values.

» The right to a sustainable economic and cultural development of all peoples. This involves, on the one hand, the
questioning of the present extreme economic inequalities between different human groups and, on the other
hand, the defence of cultural diversity and cultural crossbreeding (against racism and ethnic or social barriers).
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The ensemble of these rights appears to be a requisite (and, at the same time, an objective) of a sustainable
society; they are all interconnected. For instance, we cannot conceive of the interruption of the demographic
explosion without the recognition of the right to family planning and free enjoyment of sexuality... and these are
connected also to the right to education. In short, then, achieving sustainable development is synonymous with
universalising human rights in their widest sense. Table 4 summarises the positive measures contemplated.

Table 4. Positive measures to be adopted

» Political measures at the planetary level capable of promoting and controlling the necessary protection of
the social and physical environment, before the current degradation processes become irreversible

= Educational measures to overcome the usual tendency to behave attending to particular interests in the
short term, making possible changes in personal values and life style choices in order to promote solidarity

» Technological measures to better satisfy human needs without damaging the environment, capable of
favouring a sustainable development. This includes, for instance, the search for new energy sources, the
improvement of efficiency in food production, the prevention of iliness and catastrophes or the diminution
and recycling of waste)

The precedent measures are associated with the need to universalise and widen human rights:

» Democratic civil rights (opinion, association...) for everybody as a condition sine qua non for citizens’
decision-making about current and future environmental and social problems

» Economic, social and cultural rights (to a satisfactory job and dwelling, to health, to family planning and
free enjoyment of sexuality, to education and culture...)

» The right, in particular, to investigate any kind of subject (the origin of life, genetic manipulation...) without
ideological limitations, but with a social control which takes into consideration the social and environmental
consequences and prevents the hasty application of non sufficiently tested technologies.

» Solidarity rights (right to a healthy environment, right to peace and right to a sustainable development)

Conclusions and perspectives

In Figure 1 we have summarised the ensemble of related problems, challenges and positive measures
discussed and, at the same time, highlighted their mutual dependence. Any attempt to face the current planetary
crisis should contemplate this ensemble of aspects experts have pointed out.

If we wish to prepare citizens capable of participating in informed decision-making, we educators need to acquire a
correct perception of the problems and measures to be adopted, overcoming the usualfeductionism. This, of
course, demands specific formative actions. We have already begun to implement workshops to facilitate the study
of these problems by science teachers. The first results obtained are quite encouraging (Edwards et al. 2001).
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Figure 1. Problems and challenges of the near future
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Resumo

As Diretrizes Curriculares para os Cursos de Quimica no Brasil estabelecem que o quimico deva saber atuar no
controle ambiental, possuindo conhecimento sobre o tratamento de poluentes e/ou residuos quimicos, tendo em
vista a preservagéo da qualidade do meio ambiente. Neste contexto, o principal objetivo deste trabalho foi
conceber uma disciplina para um dos Ultimos anos da graduagéo em Quimica, que ao explorar os
conhecimentos sobre a utilizagéo de processos de descarte ou recuperagéo de residuos quimicos, os conceitos
adquiridos nas disciplinas de quimica basica dos primeiros anos fossem aprofundados de forma integrada e
interdisciplinar. Além da capacitagéo técnica, a disciplina propde promover a responsabilidade ambiental,
modificando valores e atitudes, enquanto cidados e principalmente futuros profissionais quimicos. Desta forma,
a disciplina Residuos de Metais Pesados Gerados nos Laboratérios de Ensino: Descarte ou Recuperagéo
(RMP) foi oferecida a alunos de graduagéo do curso de quimica da Faculdade de Filosofia, Ciéncias e Letras
de Ribeirao Preto (FFCLRP-USP) no segundo semestre de 2000 e 2001.

Contelidos como por exemplo, transformagdes quimicas, equilibrio e solubilidade puderam ser explorados
contemplando a dimensao ambiental. Partiu-se da analise de um ambiente conhecido dos alunos (0
Departamento de Quimica) para ambientes mais gerais

(a sociedade). Assim, tratou-se residuos liquidos sem identificagéo de alguns laboratérios de pesquisa e
também residuos solidos de metais pesados gerados em algumas disciplinas de graduagdo. Os estudantes sao
preparados para analisar criticamente uma dada situagao, tirar conclusdes levando em conta o conhecimento
cientifico disponivel, além de apresentar solugbes que minimizem o impacto ambiental.

Introduction

The research and teaching laboratories of Chemistry and Pharmacy Schools have serious problems to manage
their chemical wastes. The wastes generated in these institutions can have a different composition depending on
each research project or experiment performed. The diversity of the chemicals, which are mixed, may generate
new compounds of unknown toxicity. The waste produced in these institutions is constituted of a great variety of
chemicals, making its management more complex than that of the wastes produced by industries. Although the
industries generate a larger volume of waste, its composition is known [1]. As the Schools are responsible for the
student education as professionals and citizens, they must be aware of the need of managing the chemical
wastes generated by their activities properly. In fact, the research and teaching activities carried out in the
laboratories can represent environmental and health risks if these institutions do not manage their own waste. In
order to contribute to the solution of this problem, the Brazilian Chemical Society SSBQ? promoted two
Workshops about waste treatment and management in their Annual Meeting (23" e 24 h). The Chemistry
Department of the Faculty of Philosophy, Science and Humanities (FFCLRP/USP) is aware of the need of
managing the wastes produced in its own laboratories and, therefore, has elaborated a project entitled
Treatment of Chemical Wastes, which is in implantation. To elaborate this project, it was firstly necessary to
identify the chemical wastes generated by each laboratory, which was done through the use of a questionnaire.

The Curriculum Guidelines for National Brazilian Education (law 9394/96) indicates the necessity of a curriculum
flexibilization to enable an interdisciplinary formation, which is required for the formation of a good professional
and citizen. In order to attend this recommendation, the discipline Qualitative Analytical Chemistry (QAC) has
had the number of hours reduced from 8h per week in 1990, to 6h per week in 1999 in FFCLRP. In this way, a
study was carried out to evaluate the possibility of reducing the number of reactions involving heavy metals to
those considered more important in order to minimize the environmental impact of the waste generated. In this
context, a new discipline was created: "Heavy Metal Wastes generated in the teaching and research
laboratories: disposal or recuperation (HMW)". :
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In the traditional teaching, the undergraduate disciplines are presented in the segmented form, as for example
Organic Chemistry, Inorganic Chemistry, Analytical Chemistry, Biochemistry, etc. In the integrated model, all the
disciplines contribute to the study of complex themes that are chosen as an important process that the students
must dominate. The objective of the integrated model is to obtain a global comprehension. In the traditional
teaching, the discipline itself is the goal, while in the integrated model, the disciplines are the tools to reach a
goal [2]. In this work, the main objective was to implement this new discipline, HMW, which has the specific goal
of enabling the student to define the adequate strategy for disposal or recuperation of the chemical wastes for
each case, through an interdisciplinary approaching. New experiments have been created and selected texts
have been used to reach the objectives. In this way, the environmental responsibility desired for the professional
and citizen can be promoted.

Experimental Part

The discipline HMW was offered in the second

semesters of 2000 and 2001 and had 30% of A. Toxicity of the heavy metals

laboratories activities and 70% of classroom activities. B.  Mercury '

The textbook “Environmental Chemistry” by C. Baird [3] * the free element

was used to discuss the content related to the heavy ° mercury amalgams

metals Hg, Cd, As e Pb. Emphasis was given to the * mercury and the chlor-alkali process
properties of these metals, their toxicity, the utilization of * ijonic mercury

metals in industrial processes along the history and their * methylmercury formation and toxicity
environmental impacts, as can be seen in the box. The * other sources of methylmercury
students had previously to read the text about a certain * other forms of mercury

metal as homework. During the discussions, each C. Lead

student had some time (15 minutes) to review a specific
part of the text from the book [3]. After that, the students
had to present it to their colleagues. The seminar
themes were selected from recent literature [4] on the
photocatalytic degradation of organic pollutants. The
laboratory activities were:

* the free element

* jonic 2+ lead

* the solubilization of “insoluble”lead salts
* jonic 4+ lead

* tetravalent organic lead

1. Characterization of chemical wastes: liquid wastes * lead in the environment
without identification that was stored in some ofthe | D- Cadmium
research laboratories of the Chemistry Department * The free element
(FFCLRP). Some properties, such as air and water * Environmental cadmium
reactivity, flame test; water solubility; pH, cyanide, E. Arsenic
sulfide and halogen determination; oxidants and F.  Heavy metals in soils, sewage and sediments
reductants were determined according to the A * Soil Chemistry
reference [5]. The same methodology was used to * The analysis and remediation of
characterize the wastes from the teaching . contaminated sediments

laboratories (40 |). The experiments performed
leaded to the labeling of the waste bottles.

2. The silver salts generated in the teaching laboratories were recuperated according to the modified method
initially proposed by Faust [6];

3. The mercury salts waste was treated and precipitated as HgS insoluble salt [7];

4. Solutions containing Cr,0-” were treated, considering the reduction of Cr,07% to Cr**, followed by
precipitation as Cr(OH); [8];
Results and Discussion

The course started with basic principles of waste management [1]. The experiments were designed to present
adequate final destination for some of the chemical wastes generated in the Department.

Organic wastes treatment
In order to identify some of the organic wastes obtained in the teaching and research laboratories, experiments
were performed according to an article by Levine et al [5]. This article proposes experiments for a discipline on
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environmental analysis and was adequate, allowing the exploration of the concepts about the solubility of several
kinds of substances. Nevertheless, some equivocated concepts about solubility were detected in the article
during the discussion. For example, if a sample is soluble in water and insoluble in hexane, it can be classified
as inorganic. However, there are polar organic substances such as methanol, which present this behavior.

From the previous survey in the Chemistry Department, there were 40 | of wastes from the teaching laboratory.
These wastes were generated in the experimental classes of the second semester of 2000 and in the first
semester of 2001. According to the survey, the probable waste composition was acetone, cyclohexene,
cyclohexanone, diethyl ether, chloroform, buthyl chloride, benzene, hexane, dichloromethane, carbon
tetrachloride, benzy! alcohol, methanol, ethyl acetate, ethanol. This waste presented two phases and was
analyzed by the students attending the HMW discipline [5]. The students proposed solutions to the disposal
problems. It was concluded that the waste collected at the end of semesters (~40 l) could not be disposed into
the sink as it had always been, because it contained organo chlorides in both phases, and the final destination in
this case should be incineration. From the survey, it was concluded that the aqueous phase (~20 1) contained
acetone, methanol, ethanol and could be discarded in the sink if the students were adequately oriented during
the experimental activities, preventing the generation of a large amount of wastes. The local legislation (National
Council of Environment- Brazil, CONAMA 20/86) and handbooks about chemical safety [9] could be checked
before deciding what could be disposed directly into the sink. This procedure could decrease by half the waste
volume and consequently the cost of incineration. -

Inorganic Wastes Treatment

The disposal of toxic inorganic waste can cause serious environmental problems and risks. In contrast with most
of the organic wastes, inorganic waste cannot be eliminated by incineration, and its proper disposal can be
expensive. As long as toxic substances remain in some soluble form they can eventually permeate into water
supplies or otherwise pollute the surroundings. The alternative treatments of heavy metals are: a) precipitation in
the form of an insoluble salt (inertization), or b) recuperation for later utilization [1,3].

The final destination was proposed for some of the generated wastes in the disciplines Qualitative and
Quantitative Analytical Chemistry, and Inorganic Chemistry (Scheme 1).

Qualitative Inorganic Quantitative
Analytical Chemistry Chemistry Analytical Chemistry

""" E e T S 7o B
Salts of Hg** PbCl,
Salts of Bi**

|

Salts of As>* and [
As® :

] I
I

: C~
HgS, As;Ss, BizSa | cromy | [ pbco,
inertization

HWM

~,

AgNO;,

Scheme 1: Fluxogram of the final destination proposed for some of the inorganic wastes generated in the
teaching laboratories.

The silver recuperation is financially viable and adequate because the AgNO3 salt is a reagent that can be
used in other disciplines. The recuperation procedure [6]was discussed with the students. They were able
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to review principles of redox reactions such as the redox potential calculus learned in the first years of the
undergraduate course. This experiment required some additional care to prevent Ag” splashing on the skin, such
to wearing gloves and cleaning the working bench with a solution of sodium hypochlorite at the end of the
class.

During the discussions, we tried to establish an ethical attitude about the final destination of the waste when the

following questions were discussed:

« Do the laws permit the disposal of Ag*, Pb?* e Hg,?* in the sewerage?

* What is the best destination for these cations, recuperation or disposal? Does the cost/beneficial ratio
recommend the recuperation or the inertization instead of disposal?

Seminars -

A series of reports in a Brazilian newspaper in August 2001 (Folha de Sao Paulo) about i) pesticide
contamination in Paulinia, SP, and ii) organic solvent contamination in Maua, SP, was the starting point that
helped the decision include the degradation processes of organic compounds in the program as seminars,
attending to the society’s needs. As a consequence of this change, we are suggesting that the discipline is
renamed as “Chemical Wastes Treatment of Teaching and Research Laboratories” in the future.

Interdisciplinarity

It was possible to promote interdisciplinarity, as can be seen in the discussion about Cr2072' and Cr3+, where

several aspects can be explored [3,10]:

+ comparison between the chemistry of iron and chromium, concepts about kinetic lability (Inorganic
Chemistry);

» transport of ions through the cellular membrane, Cr ** binds to small molecules, protein and DNA, damaging
these cellular components through oxidative processes (Biochemistry);

* hydrolysis of Cr** and Fe** in aqueous solution, formation and solubility of their respective metal hydroxides
(Analytical Chemistry). -

Another example of interdisciplinarity is given by the discussion about lead [3]:

+ lead utilization since the Roman civilization (History);

» the deposit of Pb?* in the bones, the transport of ions through the cellular membranes (Biochemistry);
+ formation of covalent compounds as tetraethyllead (Inorganic Chemistry);

+ utilization of lead in cells and batteries (Electrochemistry)

Evaluation of the learning process

The method used to evaluate the learning process was based mainly on the answer to the two short questions at
the end of each discussion session. The assessment also considered written reports of experimental activities
and seminars. The continued evaluation of the students has the advantage of adjusting the discipline content
depth according to the student profile.

Conclusion

In the first approach, the Chemistry Department was explored as a known environment. Later, a holistic vision of
the society and global environment was introduced to the students. The students were prepared to analyze an
environmental issue critically, transferring the knowledge acquired in the first years of the undergraduate course
to present solutions to minimize the environmental impact of the chemical wastes.

We can conclude that the goals of the discipline were reached and the better moment to offer this discipline is
when the students have finished 50% of their credits. The students in the first and second years of the course
would probably not have the necessary knowledge about chemical concepts and sufficient maturity to explore
the environmental issues. Therefore, this discipline would be only informative and of a superficial character.

17




" PROCEEDINGS OF 10" IOSTE SYMPOSIUM — July 28 - August 2, 2002 - Foz do Iguagu, Parand, Brazil

The efforts to reduce the large volumes of hazardous chemical wastes in the undergraduate laboratories have
resulted in a unique, pedagogically useful experience for the students. Clearly, the students understand and
accept the responsibility to reduce the environmental impact associated with the chemical waste generated in
their laboratory experiments and seem genuinely satisfied upon accomplishing this task. In the final evaluation,
the students expressed almost the same ideas, such as: “Before, we simply disposed all the chemical wastes in
the jars provided by the teacher for this purpose without asking any questions... We learned that the principles of
chemistry can be applied to solve real — world problems, through the activities in this discipline”.

Besides the technical qualification, this discipline can promote ethical attitude and environmental responsibility,
improving the profile of the future chemist both as a professional and as a citizen.
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Abstract

To have science learners engage in “science as argumentation” has become one of the most important goals of
reform-oriented science education in the US. However, one of the major barriers to accomplish this goal has
been that K-12 teachers frequently are not prepared to guide their students through that process. This paper
describes a science course (Technology Tools for Supporting Scientific Inquiry, SCIED 410) designed to support
prospective teachers (PTs) development toward this goal. The course was conceptualized with current
understandings about learning and US reform goals for science education in mind. In SCIED 410, PTs engaged
as science learners in three long-term problem-based science investigations. They built evidence-based
arguments as they continuously interacted with their peers. These activities were supported with the use of
specially designed technology tools. PTs were also asked to reflect on their experiences, focusing on various
aspects of the course, such as understandings about teaching and learning science, the nature of science, the
use of technology in science learning, and their developing subject matter knowledge. We argue that this course
is not merely a setting in which we apply our current knowledge about science/teacher learning, but that it also
serves as a context for empirical research that has the potential to inform our understanding of the processes
involved in scientific knowledge construction within the context of school and, in particular, by future teachers.

1. Introduction

The notion of scientific inquiry is at the core of the view of science teaching and learning that US educational
reform has sponsored (National Research Council, 1996, 2000). However, teachers do not have experiences
learning this way (Putnam & Borko, 2000). Thus, there is an urgent need to address this issue in teacher
preparation programs. The purpose of this paper is to describe and discuss the rationale for the development of
an innovative, technology-rich, inquiry-based science course for prospective secondary science teachers taught
at a large university in the Northeastern United States. In “Technology Tools for Supporting Scientific Inquiry”
(SCIED 410), prospective secondary science teachers have the opportunlty to learn science through mqunry and
reflect on these experiences to reconsider their roles as teachers in the science classroom.

In this paper, we begin with a discussion of the rationale that framed the design of SCIED 410. Then, a
description of the course is provided, establishing connections between each element/activity and the rationale
previously described. We conclude the paper with a brief discussion of the significance of such a course for
research in science education.

2. Science as Exploration versus Science as Argumentation

Despite its importance in the context of science education, like many fundamental ideas in education, ‘scientific
inquiry’ has come to acquire multiple meanings and in this process is losing much of its significance; hence, the
importance of making clear the meaning of scientific inquiry in the context of reform (Bybee, 2000). Mainly at the
elementary level, science teachers too often equate ‘scientific inquiry’ with “hands-on activities” used to motivate
children to learn science (Abell, Anderson, & Chezem, 2000; Wheeler, 2000). At the secondary level, on the
other hand, science has been portrayed as a collection of facts or “stable truths to be verified” (Bybee, 2000).
These understandings are limiting in the sense that they overlook the complexities of reform-oriented
understandings of scientific inquiry that could be particularly valuable to the learner.
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Two elements of scientific inquiry for science learners have been emphasized in the National Science Education
Standards (National Research Council, 1996): abilities to do scientific inquiry and understandings about science
and scientific inquiry. Doing scientific inquiry involves engaging in scientifically oriented questions, giving priority
to evidence in responding to questions, formulating explanations from evidence, connecting explanations to
scientific knowledge and communicating and justifying explanations (National Research Council, 2000, p. 29).
‘Doing science’ at school through these activities represents a shift in the focus of teaching: that is, less
emphasis on “science as exploration and experiment’, and increasing emphasis on “science as argument and
explanation” (Abell et al., 2000; National Research Council, 1996).

The notion that leaming science also means learning a way of thinking about nature underlies the other major
dimension of scientific inquiry for learners, that is, that science learners should develop understandings about
scientific inquiry. In other words, scientific inquiry from the reform-oriented perspective implies that through
school science, students should learn how to “engage in a dialogue with the material world” (Wheeler, 2000).
Moreover, in order to understand how scientific knowledge is constructed it is not enough to understand
scientists’ practices. Rather, it is fundamental that science is understood in a cultural and social context
(Abd-El-Khalick & Lederman, 2000). Science educators have called this broader construct the nature of science
(NOS). Unfortunately, these aspects of scientific inquiry, in particular, have been overlooked in school science
(Bybee, 2000).

How do we achieve a more encompassing understanding of scientific inquiry (and NOS) in school science so
science leamers develop both understandings about and abilities to do scientific inquiry? Teachers would have
to create opportunities in the classrooms for students not only to engage in inquiry-based investigations, but also
to think about what is involved in doing scientific inquiry. To do so, teachers must know first what is meant by
scientific inquiry (besides having robust understandings of subject matter and inquiry-oriented teaching
strategies) (Bybee, 2000). Unfortunately, many prospective teachers have not learned science in this way and
know little if anything about inquiry. How, then, can they realize the vision of reform in their classrooms? It is the
responsibility of teacher educators to provide support to teachers in this area. SCIED 410 was a course
conceived to address certain aspects of this task. In the following section, we will describe the rationale that
guided its design.

3. Teacher Learning

In recent years, teacher development has been seen as teacher learning (Putnam & Borko, 2000). A major
implication of such a perspective is that recommendations for teacher education must be informed by learning
theory in the same manner that K-12 education is. At least three central ideas about learning have been
identified as central to teacher education: (1) knowledge is situated in a physical and social context, thus,
knowledge about science teaching should be situated in an appropriate context; (2) learning is seen as
interpretation of experiences and the leamner has an active role in that process, thus, teachers should be
exposed to new experiences and should have the opportunity to reflect upon them, rethinking previous
experiences; (3) knowledge is socially constructed, thus teacher educators should invest in building discursive
communities of future teachers (Putnam & Borko, 2000). Unfortunately, still, the design of pre-service teacher
educational programs, have not been impacted by such a perspective (Putnam & Borko, 2000). The creation of
SCIED 410 represented part of an innovative effort to incorporate key ideas about learning into a teacher
education program for prospective teachers.

One of the main difficulties in teacher learning is that, in spite of the extensive time spent in classrooms as
learners, future teachers have rarely experienced the kind of learning that reform is promoting. If teachers need
to develop subject matter knowledge and knowledge of subject-specific pedagogy for teaching science, how can
science educators better situate and facilitate the development of this complex knowledge? From a situative
perspective, the answer to this question is: It must be situated in the context of the classroom. However,
prospective teachers cannot, like practicing teachers, refer back to past experiences in their own classrooms and
try new ideas with their own students. The closest parallel to those experiences would be student teaching (ST).
ST has been identified as potentially the most significant experience in pre-service education. Ideally, during ST,
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knowledge accumulated throughout college is applied to classroom contexts (Putnam & Borko, 2000).
Nevertheless, little is known about how much future teachers learn during this late stage (Putnam & Borko,
2000), and PTs do not always have the opportunity to work in an appropriate context or even to teach through
activities that are consonant with educational reform. More important, it appears that the gap between formal
courses and school teaching is not necessarily challenged by the ST experience. There is evidence that future
teachers hold structured knowledge and beliefs about teaching science that are built through their prior (and
extensive) experiences as learners (Mellado, 1998). It is unlikely that such a complex knowledge structure will be
changed during student teaching — even if that experience is exemplary. In other words, teacher educators
should explore additional strategies to situate knowledge about teaching science in the classroom. Although
student teaching is a valuable experience for future teachers, it is not sufficient to promote teacher development.
Earlier in their education, PTs should be exposed to educational reform views, through experiences that take
place in the context of classrooms, helping them to re-think their prior understandings. In sum, it is essential that
throughout prospective teachers’ education, educators - including science educators - provide diverse contexts
to situate knowledge in the classroom, starting as early as possible.

The impetus to develop a new course for Secondary Science PTs, SCIED 410, derived from a funded project
aimed at integrating technology for supporting scientific inquiry into the Secondary Science Education program
at our university, during the period of 1999-2000. This experience led to the development of the Leaming to
Teach with Technology Model (Friedrichsen, Dana, Zembal-Saul, Munford, & Tsur, in press). Through the
process of implementation, the instructional team reflected on how to support teachers' leaning about central
ideas in science education. The model derived from the project was conceptualized around elements of the
conceptual change model, implying that for learning to occur, new knowledge has to be intelligible, plausible and
fruitful. Thus, the phases of the model were conceived to gradually promote these conditions. In Phase [, PTs,
as science learners, use technology tools to engage in scientific inquiry. This phase supports students in making
knowledge intelligible, that is, they come to understand how technology affects science learning. In Phase II,
PTs focus explicitly on the technology tool, learning how to use the tool (e.g., set up, trouble shooting). In Phase
lll, PTs examine existing technology-enhanced science curricula and/or modify exemplary curricula. In Phase IV,
PTs use technology to support students’ scientific inquiry in a supportive small group setting. Finally, in Phase
V, in a school setting, PTs use technology to support students’ scientific inquiry, using lessons that they design
and implement. Reflection is embedded throughout all phases of the model.

SCIED 410 was designed to provide science learning experiences to PTs earlier in the program to facilitate
teacher development. Students majoring in Secondary Science Education are required to take a sequence of
three SCIED courses before student teaching. The first course, SCIED 410, is characterized as a science
content course. At this stage, which parallels Phase | in the model, PTs engage in scientific inquiry as learners,

" reflecting mainly about two aspects of science teaching and learning: the nature of science and the nature of
science learning. As we will describe later in this chapter, activities were designed to emphasize these themes.
As Putnam & Borko (1997) put it, “because teachers are being asked to make considerable changes in the
nature and content of classroom instruction, it is essential that they themselves experience these new visions of
education as learners and then reflect on them as learning teachers.” (p. 1286)

The other two courses, SCIED 411 and SCIED 412, are Science Teaching and Learning courses (i.e. methods
courses). Thus, in these courses the emphasis shifts to developing teaching strategies to teach science,
although the two themes mentioned above still receive much attention. At the end of the advanced methods
course, PTs spend time in the school setting, first making observations, and then teaching (last 5 weeks). These
three courses are completed prior to student teaching.

4. Overview of the Course

Description of the Course

As we mentioned earlier, the course ‘Technology Tools for Supporting Scientific Inquiry’ (SCIED 410)is a
science course developed specifically for secondary science education majors. PTs take the course prior to or
concurrently with their first science methods course. In the first two semesters that the course was offered,
however, it involved a more diverse group of education majors, including prospective elementary teachers.
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The Instructors

SCIED 410 was designed and taught for two semesters by a team of 4 instructors: one professor and three
doctoral students. The professor worked collaboratively with the graduate students in the design,
implementation and revision of the course. As will be further described later, the course was composed of three
modules, which focused on difference science disciplines (life, earth and physical sciences). Each of the
modules had a lead instructor, one of the graduate students. The third author, who has background in Biology
and extensive experience with both teaching high school science and science methods for PTs, was responsible
for the Evolution Module. JT, who also has extensive experience with high school teaching, was responsible for
the module on light, his area of expertise. Finally, the first author served as the instructor of the earth sciences
module. Her background is in Biology and she has experience teaching high school and working with practicing
teachers.

Focus on multiple disciplines

The course was structured around three modules (instructional units), focusing on life sciences (evolution),
physical sciences (light) and earth sciences (global climate change). We purposefully chose to address different
scientific fields for two major reasons.

First, we wanted to provide opportunities for PTs to experience at least one of the modules as learners. Given
that prospective secondary science teachers major in a science discipline, we expected that they would be more
knowledgeable about some modules (those most closely connected to their major) and less so about others.
Many teachers do not have robust subject matter knowledge even in their areas of specialization; however, there
may be strong resistance to engage as learners in experiences involving a content that you are supposed to
know. Thus, learning content in other areas was intended to facilitate the process of being a learner of science.

Second, by having multiple disciplines represented in the course, we intended to address one particular aspect
of the nature of science that is frequently neglected in school science: the common notion that there is a single
'scientific method'. This idea is rarely challenged in classrooms (e.g., Driver, Leach, Millar, & Scott, 1996),
despite the extensive evidence derived from science studies research .

Doing Science as Argumentation

In each unit, PTs were confronted with guiding questions (e.g., Why so many finches died in Daphne Island in
19772 What happens to light after it leaves its source? Are global temperatures increasing?). It is not a new
idea to adopt a question-driven or problem-based approach in science education. One of our major goals for
using this approach in the course was to make the scientific concepts and practices part of an authentic context,
meaning that learners would be engaged in ways that reflect what scientists do, as well as establish connections
with their everyday lives. :

As discussed earlier, knowledge tends to acquire 'inert’ meanings when addressed in traditional ways in
classrooms. It has been reported that situated experiences help teachers to develop more robust science
subject matter knowledge (Putnam & Borko, 2000). Thus, PTs investigated scientific problems in a rich and
complex context. They collected data and, working in pairs, they constructed evidence-based arguments.
Through argumentation, our students were expected to explore multiple explanations for a problem, provide
multiple and relevant pieces of evidence to support their conclusions, make explicit how evidence and
conclusions are related to each other, and recognize limitations and strengths in explanations that they build. At
the end of the unit, PTs presented their conclusions to their peers. In sum, PTs engaged in all basic activities
involved in ‘doing scientific inquiry’ in accordance with reform documents, with an emphasis in "science as
argumentation”

It is worth noting that “science as argumentation” is seen as a way to improve science learning, which had
important implications for how argumentation was conceived in the context of the course. First, in spite of the
great influence of Toulmin's work, we rejected the idea of argumentation as debate on ideas already developed
(e.g. Toulmin, Rieke, & Janik, 1979); on the contrary, argumentation was seen as a continuous and dynamic
process of knowledge construction as one (scientist or non-scientist) makes sense of his/her reality (Kuhn,
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1991). This latter notion of argumentation also is particularly significant in light of the movement to make school
science more authentic because argumentation is seen as an important part of scientific knowledge construction
(Driver, Newton, & Osborne, 2000), as well as is considered a way of thinking that is fundamental for learners
outside of school (Kuhn, 1991).

Constructing Knowledge Collectively

In SCIED 410, PTs worked in pairs or small groups when in class. Investigations were conducted in pairs, with
data collection occasionally involving bigger groups (4-6 students). Whole class discussions were a common
practice to make sense of what happened in class, as well as to process homework assignments (e.g.,
readings). More important, argument construction and evaluation was also a collective process. As mentioned
before PTs initially built written arguments in pairs. Later in each module, they joined another pair to peer review
and refined their arguments. Finally, at the end of the module, they presented their arguments to larger groups
of colleagues (8 PTs) and the instructors.

The notion of knowledge as socially constructed that has became increasingly prevalent in science education
and teacher education literature (e.g., Putnam & Borko, 2000) was used to inform the design of course tasks.
Although our current conceptions of knowledge, in general, and scientific knowledge, in particular, imply that it
cannot be constructed in a social vacuum, school science normally portrays the process of knowledge
generation as if it takes place in each individual's mind in an isolated manner (Driver, Leach, Millar, & Scott,
1996). The image that emerges from these experiences not only is inaccurate in terms of how knowledge is
constructed in “professional science” (e.g., Hess, 1997), but also fails to promote learning (Putnam & Borko,
2000). In fact, in those settings, scientific knowledge does not cease to be socially constructed, it just is
constructed through a “social process” in which learners do not have a voice, and authority defines what counts
as scientific knowledge. In SCIED 410, we attempted to create opportunities for science learners to collaborate
with each other to construct scientific knowledge, with instructors’ support.

Moreover, these collective tasks reflected the authors’ understandings of argumentation in the context of SCIED
410. Our work was guided by the view of argumentation as “dialogic reasoning”, meaning that “Whereas
problem solving, in the usual sense of the word, compels one to coordinate internal reasoning structures with
some aspect of the physical world, ... (argument) compels one individual to coordinate his or her reasoning
structures with those of another individual.” (Zeidler, 1997, p. 485). This perspective, taken in conjunction with
Kuhn's perspective discussed previously, emphasizes the role of the social context in knowledge construction.

Technology-Rich Environment

In SCIED 410, technology tools were used to assist PTs as they engaged in long-term investigations. These
tools, specially designed to support scientific inquiry, provided access to complex databases, powerful analytical
tools, tools for organizing data and constructing arguments, and access to complex scientific representations
through visualization (Reiser, Tabak, & Sandoval, 2001). One fundamental aspect of the “situative perspective”
is the distributed nature of cognition (Putnam & Borko, 2000). This notion implies that thinking does not occur in
the mind of a single individual, but is distributed among other persons, as well as, tools that are part of the
physical environment (Putnam & Borko, 2000). In this context, technological tools become pedagogical tools
that have the potential to not only enhance cognition, but also transform it quantitatively (Putnam & Borko, 2000).

Most of the technology tools in the course were developed by Northwestern University. In the Evolution unit, PTs
used the software The Galapagos Finches, a rich scientific environment that provides scaffolding in the process
of subject matter knowledge acquisition, and the development of domain-specific strategies for constructing
scientific explanations in the field of evolutionary biology (Reiser et al., 2001). In the Light module (adapted from
KIE; see Bell & Linn, 2000), probeware and the software Data Studio from Pasco were used for data collection:
and the software Progress Portfolio was used for argument construction. Progress Portfolio is a flexible
environment designed to promote and support reflective inquiry, allowing students to record, annotate and
organize products of an investigative project (Edelson, 2001). Finally, in the Climate Change unit, PTs used
World Watcher, “a scientific visualization and data analysis program designed for learners” (Edelson, 2001, p.
362); and Progress Portfolio to construct their arguments.
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Learning about the Nature of Science

Following each unit, there were lessons in which PTs reflected on their experiences in the unit and made
connections with fundamental concepts associated with the nature of science (e.g., what is theory and its role in
science). To facilitate discussions, PTs did readings and engaged in activities that explicitly addressed the NOS.
Those lessons were designed to support PTs in articulating their conceptions about nature of science and
scientific inquiry in their philosophies. The focus was on the following aspects of NOS: role of theory, science as
tentative, science cannot prove but can only disprove, and the influence of values and perspectives on scientific
knowledge construction.

There is a consensus in the science education community that science teachers possess inadequate
conceptions of the nature of science (Abd-El-Khalick & Lederman, 2000). PTs in particular, “showed themselves
to be insecure and contradictory in answering questions on the epistemology of science, and recognized that
they had not reflected before about these topics” (Mellado, 1998). Underlying the goal of helping PTs to develop
better understandings of NOS is the assumption that such conceptions would influence their classroom
practices. However, research has indicated that there is a complex relationship between teachers’ conceptions
of the nature of science and teaching practices (Abd-El-Khalick & Lederman, 2000; Mellado, 1998). The major
implication of these findings is that initiatives in the context of teacher education can be considered ‘successful’
only if teachers are able “to convey appropriate conceptions of the scientific enterprise to pre-college students”
(Abd-El-Khalick & Lederman, 2000). In that sense, initiatives that were oriented by an explicit approach to NOS -
in which inquiry-based activities are combined with activities that explicitly discuss aspects of NOS and support
reflection — appears to be more effective than those that had addressed the issue implicitly. The explicit
approach guided the design of the course.

Philosophy of Science Teaching and Learning

The other major task PTs had in SCIED 410 was to develop a web-based philosophy of science teaching and
learning, in which they discussed their understandings of the nature of science and scientific inquiry, science
learning, and the use of technology in science education. These ideas should be presented with supporting
evidence derived from their experiences in the course. Their philosophy was revised after each of the modules,
and at the end of the course PTs were asked to write a reflection on the changes their ideas underwent during
the semester.

To see the learner as the one who actively constructs knowledge, instead of a passive receptor of information
implies that learners must have opportunities to reflect and construct new meanings based on their experiences
in the course. Moreover, it is important for learners to be able to recognize and make sense of the changes in
their thinking throughout the course. The philosophy of science teaching and learning was designed to support
learners in this process of reflection.

Reflections on Subject Matter Learning

In SCIED 410, PTs also reflected on their own learning. In each module, PTs were asked to comment on
articles that discussed common alternative conceptions on the topics addressed in class. As part of the
assignment, PTs had to identify their own misconceptions, and discuss possible sources of alternative
conceptions. In other words, in the same way we expected PTs to construct new understandings about teaching
and learning science, we expected them to develop new understandings about subject matter knowledge in
different disciplines. Again, we argue that as active learners PTs need to reflect about their own learning
process. In this case, we focused on the recognition of limitations in their own subject matter knowledge, and
the tenacity of misconceptions. These aspects should help teachers to see themselves as life-long learners with
respect to scientific knowledge.

Implications for Practice

Finally, PTs were required to reflect on the implications of their experiences for teaching practice. They had to
comment on articles that described experiences associated with teaching the topics being addressed in SCIED
410 to K-12 students, discussing how it would inform their own teaching and establishing connections between
the article and class activities. This task, contrary to the others, was explicitly connected to the development of
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teaching strategies. The reasoning underlying it was that although PTs engaged in the course to experience a
different way of learning science, it was important that they, as future teacher, reflect about how their
experiences as learners would inform strategies for teaching science. Again, reflection is a key aspect in the
process of developing new understandings, thus it was an essential part of the task.

5. Final Comments/Conclusion

K-12 science teachers are not the only ones to experience the challenges involved in engaging their students in
“science as argumentation”. Teacher educators also struggle with the difficulties of trying to reduce the gap that
has separated theories and goals in science learning and our practices as science educators. This course
represents an attempt to make these practices more coherent with our ideas and understandings about science
teaching and learning. Nevertheless, the design of such a course goes beyond an effort to reflect those theories
and goals, meaning that research in the context of SCIED 410 involved not only evaluating the extent to which
goals were accomplished and teaching strategies “fit" our theoretical framework. Empirical research in this
course has the potential to contribute to a better understanding of the very process discussed in learning
theories, as well as to help us clarify aspects related to working in the specific context of science learning and
with future teachers, in particular. In sum, we see the course as a setting that will permit us, as researchers, to
refine our current knowledge about science learning and teacher learning (or teacher development).

Through qualitative research, various aspects have been explored so far in the context of SCIED 410. First, we
are trying to learn more about how teachers engage in science learning and construct scientific knowledge
through argumentation. Our approach to this issue involves interviewing participants, as well as observing and
recording their interactions in class. Thus, we can better understand how PTs perceive and make meaning of
these experiences in learning science. Second, we have been investigating how science learners use
technology tools and how educators can better support them in the learning process. Finally, we have been able
to identify limitations in PTs subject matter knowledge (both scientific concepts and understandings about
scientific knowledge construction) and what activities/approaches/strategies appear to be partlcularly significant
for conceptual development.
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Abstract

This paper reports on two studies to highlight the risks and realities associated with teaching chemistry in
context. The first study looks at the consequences for teaching and learning of the introduction of
Science-Technology-Society (STS) perspectives into a senior high school chemistry curriculum through
providing two exemplary case studies The second study is one in which students were trying to make sense of
new information when presented in two different types of concrete situations. Situations that were embedded in a
range of suggested student relevant out-of-school-science everyday concrete contexts and other situations that
involved in-school-science concrete contexts. The nature of the behaviour, language and understanding that was
perceived to evolve was recorded and is compared. The data presented is deliberately positive in terms of the
possible learning outcomes for adopting this approach to teaching chemistry is order to provide some insights to
the gains that can be made from adopting such approaches.

Introduction

There has been debate for some time about what it means to teach in context. The stance in this paper is where
the context that students experience should be meaningful to them and not just their teachers. Teaching in
context is not about teaching the chemistry content and then providing real world applications of this content. It is
about using real situations that can be explained through the use of chemical concepts,

This paper reports on two studies. The first study looks at the consequences for teaching and learning of the
introduction of Science-Technology-Society (STS) perspectives into a senior high school chemistry curriculum
The second study is one in which students were trying to make sense of new information when presented in two
different types of concrete situations. Situations that were embedded in a range of suggested student relevant
out-of-school-science everyday concrete contexts and other situations that involved in-school-science concrete
contexts. The nature of the behaviour, language and understanding that was perceived to evolve was recorded
and is compared.

Background and Experience

Until recently, the experience of many teachers of chemistry has not involved experience of chemistry in a
setting outside an educational one. A common route for the preparation of teachers of Chemistry in high school
is for them to undertake a Science or related degree in conjunction with an Education Degree or a one year add
on Graduate Diploma in Education. This can mean that Chemistry teachers can return to the high school setting
within five years of leaving as students. Recent trends in teacher education programs in Australia and in other
Western cultures are slowly changing, with the Graduate Diploma in Education programs largely being used by
more mature students are an avenue for changing their careers. Such changes in student profiles have been
helped by the current shortages in teachers, particularly Chemistry, Physics and Mathematics teachers and
consequently, many opportunities for employment.

There is little opportunity for teachers to enter Chemistry teaching in any other pathway than an academic one.
Vocational pathways are not well-developed in many countries as the focus in many Western cultures requires
Chemistry teachers to have a sound academic discipline knowledge on which they build their teaching expertise
This is reflected in the structure of many high school Chemistry curricula, which will be discussed below.
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Science Curriculum

In this discussion, science curriculum has been highlighted. The arguments for chemistry curriculum are
synonymous with science curriculum in most instances and so no distinction has been made here.

At any time, Layton (1994) suggests that science curricula are subjected to four pressures. These pressures are
political, economic, cultural transmission and subject maintenance. Since the 1950s, society has demanded two
things of science education, the demand for future scientists and the demand for a scientific literate citizenry.
The demand for specialist workers in science has been important for the maintenance and development of
social, economic and defence needs of countries. This demand has tended to dominate science education, and
there has been a price paid by society for this dominance. The priority of producing future scientists has
generated a “knowledge of worth” according to Fensham (1985, p417), which consists of the consolidation of
specific conceptual content in each of the science. The learning of such knowledge can take so much time that
the more exciting, contemporary and socially useful aspects of science are omitted or overlooked.

Fensham (1985) in his articled titled “Science for all: A reflective essay” suggests that the two demands of
providing future scientists and a scientifically literate citizenry have been * conflicting and not complementary as
was almost universally assumed in the first wave of the science curriculum movement” (p417) in the 1960s.

He goes on to argué that:

..the supply of technological and scientific manpower is important to the maintenance and
development of the social, economic and defence needs of all countries. The educational system
must meet this supply need...[but] it is important to assess some of the prices that educational
systems have paid in giving priority to meeting this national need and to consider these in relation
fo the associated gains. ... The main price of these solutions to the manpower demand is that the
majority of the school population learns that it is unable to learn science. ...Science to the
majority of students becomes a subject that is mysterious. (p417)

Fensham (1985) argues that, for the characteristics of science curriculum for all students to be met, there are 10
major components of learning science that represent the total learning in science. These components are:
knowledge, applications of knowledge, skills, practical skills, problem-solving, science traits and attitudes,
applications of science and technology, personal and social needs, the evolution of scientific knowledge and the
boundaries and limitations of science.

The two purposes of science education, as outlined above, will produce different curriculum emphases as
outlined by Roberts (1982) for each of the different stakeholders, in curriculum development. Each of these
stakeholders make choices based on different values and so the emphases selected are likely to be different.
For teachers, it is difficult to shift to a new curriculum emphasis since their experience of science (Chemistry)
has been in a particular set of curriculum emphases such as the “ correct explanations” and “solid foundations”
or in more recent times a “structure of science” emphasis.

Rejection of particular curriculum emphases, according to Roberts (1988), can be for two main reasons. One
may be that stakeholders do not value an emphasis enough to allow it to detract from other curriculum
emphases, and secondly, that the amount of time and effort required to interpret and understand new emphases
is too great.

An example of such rejection was highlighted by research undertaken by Fensham and Corrigan (1994) on
the introduction of the Victorian Certificate of Education (VCE) Chemistry Study Design in Victoria, Australia.
In this research, teachers who found difficulty in interpreting and understanding the
Science-Technology-Society (STS) emphasis adopted in this curriculum reverted to fitting their current
curriculum to the new course requirements.
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The introduction of the VCE Chemistry curriculum reflected a worldwide trend in curriculum reform. Science
curricula were developed with an STS emphasis as opposed to the more “traditional” science curricula that had
existed previously. STS perspectives were introduced into many science curricula worldwide to:

...emphasise the basic facts, skills and concepts of traditional science, but to do so by integrating
science content into social and technological contexts meaningful for students. (Aikenhead,
1994, p59)

Generally, Aikenhead as has summarized the goals of an STS curriculum:

1. The characteristics of science; including its aims and values, its human character, and its strategies for
decision making and extending knowledge, '

2. The limitations of scientific knowledge, values, strategies and techniques; including the recognition that
science is but one knowledge system among many in society, and an examination of boundaries between
science and politics, economics, religion, technology and ethics,

3. The characteristics of science and its place in society; including case studies of science-related problems,
personal interpretation of one’s community by making decisions as a consumer, voter, in career planning
and so on. (Aikenhead, 1980, p13)

The function of traditional science curriculum has been to prepare students for the next level of education as well
as teaching correct answers (Roberts, 1988). STS science curriculum on the other hand intends to address the
needs of both the future scientists and citizens (science for all). :

In a recent research reportinto The Status and Quality of Teaching and Learning of Science in Australian
Schools (Goodrum et al, 2001), a view of the ideal picture of quality in science teaching and learning included
the fundamental belief that

“scientific literacy is a high priority for all citizens, helping them to be interested in, and
understand the world around them, to engage in the discourses of and about science, to be
skeptical and questioning of claims made by others about scientific matters, to be able to make
informed decisions about the environment and their own health and well-being.” (Goodrum et al.,
2001, pvii)

This report also sought to present “the actual picture” of science teaching and learning. This picture is one of
great variability and generally disappointing. While the curriculum is outcomes-based with the intention of
providing a framework for developing scientific literacy, the implemented curriculum is very different from the
intended one. In primary school, sometimes science is not taught at all, and when it is taught on a regular basis,
the approach is generally student-centred and activity-based, with students highly satisfied with this approach.

In high school, students are often disappointed as the science taught may not be relevant nor engaging and
does not connect with their experiences and interests. Traditional teaching methods, such as chalk-and-talk,
copying notes and “recipe-style” practicals offer little challenge or excitement to students. Such disenchantment
with science is reflected in decreasing numbers of students participating in science subjects in post-compulsory
years of schooling.

Many science students conduct experiments, make observations and are asked to infer from these observations.
The 'knowledge’ they acquire is considered self sufficient and independent of situations where it is used. Under
these conditions these bits of knowledge become discrete, supposedly independent structures and are stored in
a specific internalised context pertaining to classroom chemistry. Classroom science teaching is commonly
thought of as the transmission of concepts which then become part of a internalised context (Greeno, 1989).
This is problematic, for as Korthagen and Lagerwerf (1995) suggest, schematization requires the schema to be
filed with details and concrete experiences and during schematization students need to express things and
explain their work.
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Study 1: Two case studies of site visits

While there were a number of opportunities to explore technology and industry links with chemistry in the
post-compulsory years of studying Chemistry in Victoria, Australia, the investigation of a chemical in everyday
use was a task specifically introduced to focus on these contexts. Presented here are two case studies of
teachers and their students undertaking this task through the use of industrial sites. The two case studies
demonstrate diversity in approaches that can be adopted by groups. The approaches here are an issues-based
approach and a community-based approach.

Case Study 1: An Issues-Based Approach

Adrian (teacher: a pseudonym) approached the investigation of a chemical in everyday use with an issue-based
approach. His choice in this approach was deliberate as he was teaching chemistry to a group of girls and felt
such an approach would engage his students more actively in this investigation.

Adrian directed his students to identify an area of interest to them in order to investigate a chemical in everyday
use. Some of the student choices were chemicals used in firefighting, the dangers of fluoride overdose and
benzene and its role in the Coode Island fires. All of these issues had particular interest for the students as in
each case the students brought some personal experience to the topic. For example, the investigation of the
chemicals used in firefighting was selected by a students who lived in an area of fire danger and the local
community had been devastated by fire ten years before (when the student was eight). Her father was also a
volunteer firefighter. Similarly, the student investigating the dangers of fluoride overdose was concerned on a
personal level as she had fluoride staining on her teeth resulting from the doses of fluoride her mother had taken
during her pregnancy with the student. The Coode Island example result from a huge chemical fire in the Coode
Island chemical facility located in close proximity to the centre of Melbourne, Australia, which had occurred in the
previous year. The Coode Island facility stored a number of chemicals, but primarily benzene. As a result of this
chemical fire, large areas of Melbourne were covered with black smoke and areas of the central business district
were evacuated. Each student was expected to organize their own investigations, including site visits, with
Adrian acting as a resource for the students.

After interviewing Adrian it became clear that he found the role of being a resource for the students quite
demanding as it required knowledge of a variety of issues and associated chemistry, as well as a sound
knowledge of industry practices. For example, students needed to write to appropriate industry sites with
well-defined requests and questions in order to be able to visit the site and obtain information. Adrian readily
admitted that his experience as an industrial chemist had been invaluable in this instance. It gave him not only
the appropriate skills to help his students approach the necessary industries, but had also given him a broader
understanding of chemistry by forcing him to use his knowledge in a variety of settings. Such skills enables
Adrian to cope with the wide ranging issues that interested his students.

Both Adrian and his students commented on the advantage of this approach to this investigation. While the
approach had taken huge amounts of time for all concerned, the students not only completed the task, but
remained interested and enthusiastic about their investigation throughout. Adrian comments:

...it was a lot of work, but it was worth it fo see them [the students] actually engaged in
investigating a chemical in such an enthusiastic way. A number of students have said that they
felt like real scientists, really investigating something. (Adrian)

Adrian's students echoed his thoughts with their comments such as:
...it was really important fo thorodghly investigate my topic, but it was interesting as | thought |

was really investigating it and organizing everything myself. Seeing the industry setting helped
me clarify the research | was doing and made me understand better. (Adrian’s student)
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In questionnaire responses, Adrian’s students' made positive comments about what they had learnt and the
experience generally. They could articulate their ideas and understanding very well in response to questions and
while they recognized the extra effort required by this approach, felt it was well worth it.

Case Study 2: A Community-Based Approach '

Paul (teacher: a pseudonym) was-a chemistry teacher in a country high school in a town in the far north-west of
Victoria, Australia, some 5.5 hours drive from the capital, Melbourne. Paul had lived in this country town for the
last 20 years, the last 10 years teaching chemistry at the local high school. The previous 10 years he had
worked as a winemaker in a local winery.

In order to undertake an investigation of a chemical in everyday use, Paul looked at the local community for an
industry that was an integral part of the community and consequently would be known to his students. His choice
of industry was the local winery. While Paul had worked in this winery, it was not the only factor in his decision.
The winery was the largest industry in the community and also one in which his students would most likely be
involved with in some was as many of the local families grew grapes for the winery or had been employed at .
grape harvesting time as pickers. Paul felt that by using the winery on which to base the investigation, his
students would have a greater sense of ownership of the investigative enterprise.

Paul was very positive about thevsuccess of the investigation. When interviewed; he commented on the high
standard of work produced by h|s students and the motivation they maintained throughout the investigation- as
illustrated by '

...if was a fantastic experience for any teacher to see his students attack a piece of work with
such enthusiasm and maintain. it all the way through. They [the students] deserve a lot of credit
for what they learnt and the way they approached the investigation. They produced a first rate
product at the end foo. (Paul)

Paul's’ students also expressed their positive feelings about the investigation with comments such as:

...l leamt about pH levels, organic chemistry, decomposition and fermentation, and acidity
involved in the winemaking process. | never thought I'd use any of this stuff, but | did and its right
here, almost in my own backyard. (Paul's student 1)

The best part was when the winemakerlet us use our own judgement and chemistry to blend some
wines. It was fantastic to realize that | did know something and could use it. (Paul's student 2)

Throughout the whole investigation, Paul reported that the willingness of the students to question and organize
their information was a highlight for him.

LEARNING CHEMISTRY IN INDUSTRY SETTINGS

The above case studies can be used to illustrate the possibilities for learning chemistry through the inclusion of
technology and industry links. However, such possibilities were only apparent when individual teachers and their
students were considered. Earlier data from this study on teachers and students collectively did not provide such
a healthy perspective. There are a number of examples where the approaches adopted by teachers can
positively influence the learning of their students through the use of industry and technology links.

Aikenhead (1994) suggested that “STS science teaching's student-orientated approach emphasizes the basic
facts, skills and concepts of traditional, but does so by integrating the science content into social and
technological contexts meaningful to students” (p. 59). Industry can provide a meaningful social and
technological context for students but this cannot be assumed as a given. Some industrial settings may not
represent meaningful contexts for students studying chemistry, but this does not need to be the case.
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For an industry setting to be meaningful for students, the establishment of a need to know more about the
industry is important. This may be achieved through an issues-type approach or a community-based approach,
as outlined in the case studies. These are to name only two such successful approaches, others that may be
considered are outline by Ziman (1994). Teachers need to develop in their students ( and themselves) working
concepts of chemistry that cross settings such as school, home and industry.

Study 2: Teaching Oxidation and Reduction

This research was conducted over three phases. Units on oxidation and reduction topics in a range of external
societal and industrial contexts were written, trialled and modified based on student and teacher responses to
these units. The starting point for each unit was out of school occurrences of oxidation and reduction explained
processes. The units were still expected to deliver the oxidation and reduction concepts prescribed in the final
year of high school chemistry (16-17 year old students) curriculum. The units ranged from hair perming to
sewage treatment, from breathalysers to siting new smelters. The learning activities involved in each task
situation varied and included role plays, problem solving, whole class and small group discussions and
semi-open investigations. _

The units were intensively monitored through completing pre- and post- questionnaires, responding to a
mid-intervention letter asking for feedback, and drawing pre-, middle and post- intervention concept maps within
one class of twenty female students over a 10 lesson period . In addition some students were interviewed
informally after each lesson. Two lessons were taught in the teacher's traditional way using teaching practices,
experiments and styles that she had used in the past.

The research provided detailed insight into the role and effect of context on students learning oxidation and
reduction concepts in a classroom setting. This detail enables the illustration of some of the characteristics of a
unit driven lesson and a traditional lesson. Throughout the text below , these terms, unit driven and traditional
lesson will be used to identify the lesson type.

Students as learners of oxidation and reduction concepts

In unit driven lessons, data analysis indicated several features of the students as learners of oxidation and

reduction concepts such as:

« students asked questions,

» abstracted and applied chemistry concepts promoted in previous unit driven lessons to make sense of other
unit driven lessons,

» provided information that had a ‘domino’ effect,

¢ volunteered information, and

e were assertive during discussions with peers and the teacher.

There was a notable change in the classroom interaction between the teacher and students. This was not
always a comfortable feeling, as the students’ questions were often demanding and challenging. When being
taught in the traditional lesson, these same students were reticent. They waited to be questioned by the teacher,
did not challenge the teachers’ reasoning, there was no domino effect, and the direction of the lessons were
governed by the teacher rather than the students’ questions. Furthermore they expected to be ‘fed’ information.

During unit-driven lessons, students were engaged and motivated. They were on task, working through
complicated tasks rather than simply looking busy. For example, the excerpt below highlights this enthusiasm
and motivation. The students had been given 45 minutes in which to design a breathalyser. In essence they
were being asked to apply the information in a semi-open investigation to produce a breathalyser.
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Lesson Explanation

Lesson Commentary
Bell rings
1 Zoe. 2.41 g of dichromate.
Well I'll work out the molar mass and then
1 Yve. we can do it from the-
Una. Will it be done ready for tomorrow?
Zoe. Yes.
Una Coolest!
Do you want to continue that little problem
Teacher . solving activity next week?
All. Yeah, yeah.
Una. Because we did, we did a big equation and
worked it all out...
Yve. We are just going to use n equal m over m
Una. ~ So it's getting exciting because we ...
Teacher.  All right, all right.
Zoe. I'll take, the bag, the breath bag.
Yve. OK.
(G CO9 29/5/92)

The school bell goes, indicating the end of the
lesson. They continue to work. They are interested
and want to know if it will be ready for the next
lesson.

The teacher notices this activity and asks if they
wish to carry on in the next lesson. Excitedly they
say yes and then carry on with their work, even
though the bell had gone some time ago.

The teacher tries to hurry them on and out! They
volunteer themselves to undertake tasks in
anticipation of the next lesson.

Students also talked to their parents about the work they did in unit-driven lessons. Their enthusiasm was not
just confined to the classroom. In a mid-intervention letter . Toni and Alison explained;

Toni.
Ali.
Toni.

Toni.

Researcher .

You should see me round at home, I'm going, - that's a redox reaction.

| suppose it's obvious.

And I'm going -oh my God, why have | said that?

You were saying that at home?

| did that, | did that to my mum and dad. And they are going what's a redox reaction and |
spend about ten minutes explaining it to them.

(G AUT 16 29/5/92)

Another noticeable facet of the unit-driven lessons was the number of questions asked by students and the
nature and delivery of these questions. The questions were characterised in terms of being indicative of

students’ :

* interests;

* ways of challenging;
* seeking clarification;
* seeking directions.

Students challenged the teacher during unit-driven lessons. The following excerpt taken from a lesson involving
the bacteria thiobaccilus. illustrates this. The essence of the unit was the contention that thiobaccilus bacteria
had an ability to convert sulphur into sulphates and due to the fact that it was already in soils it was a better
fertilization process in comparison with the current practice of adding sulphates and phosphates to the soil. The
latter being thought to result in water pollution due to excess chemical run-off. The student (from a farming
family) chose to challenge the teacher's tacit acceptance that the bacteria method was environmentally better
than the existing method.
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Lesson Commentary

Lesson Explanation

Mira.

Nina.
T.
Mira.

Nina.
Mira. -

Ivy.

Teacher.

Wouldn't you have to put something else on,
to be able to get the pH normal, neutral or
anything?

Putlime on it.

Yeah, you have. Probably have to lime it. To
get it back up to neutral.

Yeah, so you're still going to have to use other
fertilisers as well.

So you, you'd have to phosphate the lime.
No, but they are saying they are putting
sulphur on it, straight on to it.

Yeah but..

Umm. So what's, so what's the advantage of
throwing sulphur on rather than putting super
phosphate? (c.0.4 30/4, 9)

The student perceives a flaw in the bacteria
method

Instead of the teacher responding another
student intercedes

The teacher concurs hesitantly

The student who initiated the discussion moves
on doggedly.

Another student enters the fray.

The teacher's tone is unsure and she asks for
further clarification. She is now working as part of
the team rather than a deliverer of knowledge.

Apart from challenging the teacher, students questioned each other. For example, in the following excerpt

taken from their problem solving unit on designing a breathalyser, the students had completed an experiment in
which they added potassium dichromate to alcohols, from which they deduced that acidic conditions were
required. The following excerpt begins at a stage where they were trying to design their breathalyser to take into
account the reaction findings. Ali kept challenging the other members of her group because she wanted a
reason for including the acid in the breathalyser.

Lesson Commentary

Lesson Explanation

Ali

Jo.
Ai.
Toni.
Al -
Jo.
Ai.
To.
Ali

Toni.

There must have been a reason for putting it
in there. It can't be completely irrelevant.
When we put sulphuric acid in, did it change
colour?

No.

So maybe we were just testing it? To see that
it didn’t react with other things as well.

| suppose so.

Right OK.. That's the theory!

Coloured in for..(inaudible)

Oh did it? Oh darn! There goes that theory.
Oh, hang on.

Hang on, and that stayed the same and then
when we heated it

There was no change when we put in
sulphuric acid.

So it didn't have anything to do with it until it
was heated?(G C09 29/5/92)

Alison (St Ai), did not accept the need to use acid
in a breathalyzer. She kept challenging her group
to explain why they needed to consider the acid
in their design.

This forced Joanne and Toni to revisit the notes
they had made.

This led to an agree'ment that acid and heat were
both needed for a breathalyzer to work.

THE ‘DOMINQ’ EFFECT.
The students’ questions and challenges promoted a ‘domino’ effect, which was common during the unit-driven
lessons. During a group interview, students commented on this effect, they said;
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Abby . Yeah, well, things got remembered and | remembered them.

Toni . Everything kept on leading to another -

Abby. Yeah.

Toni. -and you are going ‘Oh! that's right!’

Researcher. What kind of things were leading on to another, give me an example.

Abby. Things like corrosion leading on to oxidation reduction and then the other things that prevent
corrosion and stuff like that.

Toni. Like galvanising, like paint and metals and metals on the reactivity series. (G Ab/T 1.1
22/4/92)

This type of behaviour is indicative of the unit-driven lessons helping students to make links to existing
internalised contexts. As Abby explains the difference between her lessons tast year and the unit-driven lessons
this year:

Researcher  Now, why is it that it is going a lot better, what's the difference?

Abby. Well last year all we did was stuff about metals. And changing iron to iron ore and | don't
even know if you can do that, if that is some such thing, but yeah...That's all we did. And
formulas and equations and that and | just got completely confused and | lost it very early on.

...Later she went on to try and explain why it was better for her this time.

Abby. | don't know, it's just better because it's more things you can relate to better and that. So it's
' easier to understand.
Researcher. What do you mean by relate to?
Abby. Well, | mean, like with real life and that. Like with the hair perming and the meat and stuff like
that. You can, put it alongside your life and see where it turns up.
Researcher. Why do you find that useful?
Abby. Cause it's, it makes more sense and you can understand it.(G Ab 1.3 4//92)

These students were not taught the theory first and then asked to apply what they were taught, (a common
practice in science lessons). The chemical concepts being promoted were embedded in various contexts, but it
wasn't a discovery exercise either. When butter goes rancid, we observe the phenomena, but it is not oxidation
and reduction, it is a process that can be explained by oxidation and reduction concepts. Oxidation and
reduction, like energy and other concepts, is a human construct, a means of making sense of phenomena.
Stumbling upon these constructs would be difficult. Hence the unit-driven lessons were not discovery lessons in
the sense that students would stumble upon the oxidation and reduction concepts, instead the unit-driven
lessons were lessons in which the students would encounter and reflect on experiences which promoted
oxidation and reduction concepts in external to school concrete contexts.

The questions, the domino effect, the challenging, were behaviours that demonstrated that these students were
reflecting on their past experiences, the new oxidation and reduction ideas they were encountering and then
trying to reconstruct their ideas so as to reap fruitful dividends.

CONFIDENCE.

The previous excerpts are also indicative of the confidence exhibited by students learning oxidation and
reduction concepts. In the unit-driven lessons students demonstrated assertive behaviour and volunteered
information. The following excerpt from a response to the mid-intervention letter confirms the evidence provided
by classroom observation (the underlining is the students own);
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| feel | understand them better than | usually do when in chemistry- still not 100% confident but not totally”
confused or at a loss to know why you do something/ what the point behind learning some of these things is.

| can relate (sic) these to me, so it is easier to understand why & how you learn these things. As | can
understand | find it easier to remember, so feel more confident, so-| am able to learn the next step with more
ease. | am actually feeling relatively happy in chemistry due to this method of teaching. The steps are simple
and | can link them together.(G 1 L 1992)

STUDENTS USE THEIR EVERYDAY EXPERIENCES TO VALIDATE THEIR OPINIONS

Students used many of their everyday experiences to support their ideas and viewpoints, and often these were
beliefs, and affective related viewpoints. Pairs of students were asked to argue the case for a bridge to be built
from either copper, aluminium or iron in their town in order to cope with increased traffic demands. The following
excerpt, provides the case being made to support a bridge being built from iron rather than aluminium or copper.
Notice their use of everyday experiences to validate their opinions. Notice also that these everyday experiences
may not concur with accepted scientific reasoning or understanding.

STUDENTS ABSTRACT AND APPLY THE CONCEPTS

Ali. ...You can't put oil and grease over it! Cause they are going to
slip off the road! That would be fun wouldn’tit? Painting, that They were discussing how to
wears off. protect the iron. There was a
Jo Plate it. suggestion that oil or grease
Ali, Plate it, yeah, plating it would be , that's better eh? coating could prevent rusting.
Jo Or sacrificial The idea was discarded
Ali. No, | don't think. Plating. It's better.
...... (A few minutes later)......
Ali, Can you imagine a bridge of aluminium anyway?
Jo It would be, it would be... Baking foil is associated with
Ali. It just doesn’t seem.. aluminum, therefore the
Jo. It would be , you'd need too much of it. It wouldn't be dense bridge cannot be built from
enough, it would bend too easily. aluminum, it would not be
Ali. A bridge of tin foil! strong enough.
Jo Aluminium isn’t nearly as strong as steel or copper is it? So if you '

had a bridge of it, it would probably bend eventually and then
break! So we can write that down.
Ali. O.k. (c.0.10 2/6, 5-6)

The students were also seen to abstract the essence of the concepts encountered in one unit-driven lesson and
apply them in others. Students themselves noted this process, as the following interview transcript illustrates;

Ali. ...basically all we've done is we've sort of learnt about oxidation reduction and we have just
sort of branched out to talk about electrons and balancing all these equation things. But we
are using the same things we've learnt every unit. ..., it's like, you are sort of building it up but
you are using all the things you've built up. ...(G AI/T 1.6 29/5/92)

However the notion of context in teaching and learning science is not simply to equate it with external themes,
topics or scenarios. The student's links to existing ideas have to be taken on board and this is demanding.

Summary

There are inherent risks in teaching chemistry in context. The context must be meaningful for students if it is to
engage, motivate and challenge students. Teaching in context must also enable students to link their existing
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ideas with new ideas they encounter, if their learning is to be meaningful. There is a certain amount of risk in this
as many chemistry teachers have not had these experiences in their own background that will enable them to
embrace this approach with high levels of success. The data presented here has deliberately focused on positive
outcomes of teaching chemistry in context, to highlight the real gains that can be made in student learning by
adopting such approaches.

The reality in many countries is similar to the picture painted in the Goodrum et al (2001) report in terms of the
meaningful learning that students can undertake in Chemistry. The learning experiences in science and
chemistry for students around the world does not have to fit this reality and can indeed come much closer to the
ideal picture this report also described in terms of educating scientifically literate citizens. The challenge will be
to provide teachers of chemistry with experiences that will enable them to rely less on their own background and
more on teaching from meaningful contexts for their students.
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m A NEW METAPHOR FOR TEACHING:
SCIENCE TEACHER AS ANTHROPOLOGIST

Derek Hodson (dhodson@oise.utoronto.ca)
Ontario Institute for Studies in Education, Toronto, Canada

Abstract

This article addresses problems inherent in traditional science teaching and argues that the pitfalls of
assimilation and exclusion can be avoided by adopting an anthropological approach: regarding scientists as a
subcultural group with its own language and ways of thinking about, investigating and explaining phenomena
and events, its distinctive methods for generating new knowledge and solving problems, its tradition, history, set
of conventions and underlying values. Students learn why scientists think and act in these ways, and how they
differ from or resemble the practices and traditions of other subcultural groups.

The other element in this approach to science education is the self-conscious metacognitive dimension: students
knowing that this is what they are doing. More crucially, knowing which aspects to access for particular kinds of
activities and encounters, when to use science and how to use it, when to use some other way of knowing.

Border Crossings and Exclusion from Science

Every individual has membership of a number of social groupings, some of which are long-term associations,
others of which are merely temporary. Effective participation in these social groups is, of course, dependent on
possession of the appropriate cultural knowledge - that is, the shared understandings, beliefs and language,
codes of behaviour, values and expectations of the group. Just as each student's personal framework of
understanding is unique, so also is each student’s complex of social group membership, their perceptions of
what that membership entails and requires and, in consequence, their profile of cultural knowledge. When
students, each with a distinctive personal and cultural framework of understanding, are presented with a
particular learning task set within a distinctive educational context (involving a particular class or learning group),
a unique learning context is created for each individual. Appreciation of the uniqueness of personal learning
contexts helps to explain why some students learn successfully, while others of supposed equal ability do not,
even in apparently very similar circumstances. It helps to explain why particular students may learn on some
occasions, but not on others, despite circumstances that to others may seem identical.

Factors that impact on learning include the student’s views of school, science and the activities associated with
learning science, relationships with peers, teachers and family, learning preferences and other aspects of
metacognitive awareness, self-image, aspirations and values. Some are wide-ranging and stable over time; they
govern the student's overall attitude and commitment to learning science. Others are topic-specific, even
lesson-specific, and influence short-term decision-making about learning behaviour.

For school-age students, the major social groupings of the family, the peer group and the school create
distinctive ‘social worlds’ which may or may not have common cultural knowledge. Phelan et al (1991) suggest
that points of similarity and difference between these three social worlds lead to four types of transition into the
culture of the school, a transition that is crucial to students’ prospects of using the education system to further
their life chances and career prospects. Their conclusions are that:

* Congruent worlds facilitate smooth transitions

» Different worlds require transitions to be managed

* Diverse worlds lead to hazardous transitions

* Highly discordant worlds result in transitions being resisted or proving impossible

For science students there is an additional border to cross: transition into the culture of science, or the particular
school version of it. School science has its own set of beliefs, values and codes of behaviour. It has its distinctive
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linguistic code. There are many students for whom the rules about the conduct of lessons, the conventions
concerning who can speak and what can be spoken about (including what can be challenged), and the particular
form of school talk and science talk, constitute a set of conventions and restrictions that are so formidable they
are dissuaded even from seeking access to science education. Many students do not see themselves or their
experiences, interests, aspirations, values and attitudes reflected in the science curriculum and are
uncomfortable with the way it is presented. It is little wonder they decide that science is not for them.

The Culture of Certainty and Compliance

Sadly, some of those students who do succeed in entering the subculture of school science are not so much
enculturated into the community of science as autonomous individuals as assimilated into a culture of schooling
that emphasizes certainty and compliance. Many school science curricula continue to promote the view that
science provides a body of fixed, authoritative knowledge about the world arrived at via an all-powerful and
all-purpose scientific method. These impressions are reinforced by a heavy reliance on didactic teaching styles
and by a style of laboratory work in which students spend considerable time on ‘cookbook exercises’ designed to
reach particular, pre-determined outcomes. As a consequence, students are socialized to see their task as
memorizing a series of definitions and reproducing them on demand, mastering a set of algorithms for solving
standard problems, and carrying out the teacher’s instructions for obtaining a particular set of results. They do
not see their role as thinking about or questioning the source, relevance, validity and reliability of the views and
ideas presented to them. Nor are they given opportunities to design, conduct and interpret scientific inquiries for
themselves and by themselves; they merely carry out the teacher's instructions. Thus, students may succeed in
the sense of being able to say and do the ‘right things’, and can gain the marks available for such conformity, but
they fail in the sense of gaining a robust and usable set of meanings to incorporate into a personal framework of
understanding. What many students learn is how to do classroom tasks, how to be neat, how to finish on time,
how to look busy and to fill up the available time, how to avoid attracting the teacher's attention and, in practical
lessons, how to tidy away and write things up in the approved form. What they do not learn is how to employ
their knowledge in novel situations and how to use it to develop a deeper and richer understanding. Such
students have not been enculturated into science, rather they have been assimilated into school. They have
learned to be compliant students, rather than good scientists and effective learners.

Furthermore, when the curriculum is monitored by the kind of rigid, analytical, objectives-oriented approaches to
assessment that are currently in vogue in many places, it becomes an ideal vehicle for those who seek to shape
people towards pre-determined goals. It is disempowering because it rules out a concern with critical thinking.
Goals are taken on trust; emphasis is on obedience and efficiency in effecting someone else’s plans; there is no
concern with valuing, criticizing, challenging and changing the goals. By inculcating a willingness to accept
prescriptions for behaviour and an acceptance of external control and management, a culture of compliance is
created, which impacts adversely on both students and teachers. Education becomes a means of social
reproduction, with all its existing inequalities, rather than a means of social reconstruction. When the reward of
marks is restricted to the uncritical execution of carefully specified tasks, critique becomes de-valued in the eyes of
students, critical faculties atrophy through lack of use and, eventually, students lose all trust and confidence in their
capacity to make judgements. Thereafter, decisions on all matters of importance are left to so-called experts.

Avoiding the Pitfalls of Assimilation and Exclusion

The notion of science education as enculturation necessitates students crossing cultural boundaries from other
sub-cultures into the sub-cultures of school, science and school science. The chances of smooth border
crossings are greater when everyone is clear about the nature of the boundaries and the nature of the likely
obstacles, and make concerted efforts to overcome them. Thus, it is important that both teachers and students
recognize that science itself is a sub-culture, with its own distinctive knowledge, language, methods, rationality,
criteria of validity and reliability, traditions and values.

Perhaps the major problem in science education is not that students sometimes have conceptions of
phenomena and events that are incompatible with scientific views. Nor that these alternative conceptions are
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resistant to change. Rather, the problem is that students have not recognized that they are able to incorporate
different aspects of meaning, additional connotations and new relationships into their personal framework of
understanding, in order to extend the usefulness and range of applicability of their knowledge, without
necessarily giving up their previous, trusted understanding. Not only do we need to ensure that students develop
the ability to add to their understanding, we need to ensure that they acquire the second order understanding
that includes:

(i) recognizing that alternative conceptions and explanations exist (and alternative methods, too),

(i) appreciating that the appropriateness and usefulness of knowledge are determined by context;

(iii) knowing what knowledge to access and how to use it in a variety of problem situations and social contexts.

Scientific understanding that cucumbers and tomatoes are fruit, for example, does not preclude the
commonsense understanding that they are located in the vegetable section of the grocery store, together with
plant roots, tubers and leaves. What is important is recognizing when particular meanings are appropriate and
being able to use them properly in the appropriate discourse. There are situations in which the scientific
approach has very obvious utility; for certain types of question it can provide a well-tested and powerful answer.
In other situations, everyday knowledge is far more useful and appropriate. A central goal of science education is
to show students when their own needs and purposes are best served by scientific knowledge and scientific
ways of proceeding, and when they are better served by other ways of knowing and acting.

What | am advocating is an approach that recognizes, acknowledges and promotes multiple meanings and
multiple perspectives, but ensures that students know which meanings and understandings to access for use in
particular circumstances. It is summed up by the phrases “finding one’s way around one's repertoire of
knowledge” and “having confidence in making an appropriate selection to fit the circumstances”. This
self-knowledge may be the key to smooth and comfortable border crossings into and out of the culture of school
science. Crucial, also, is the capacity to reflect on one’s own understanding of these matters and to understand
and control one’s own learning.

The fundamental point is that one’s way of thinking is relative to context and, sometimes, even unique to context
- where ‘context’ includes the physical context, the immediate social context and the wider cultural context, as
well as the specific problem context. Since we all move between and among a multiplicity of contexts, we are all
capable of holding multiple views about the world. These different perspectives create, for each individual, a
complex web of understanding around any given phenomenon or event, which throughout this article | have
referred to as a personal framework of understanding (Hodson, 1998) and within which students can hold a
multitude of diverse and sometimes contradictory views - among them, of course, some entirely erroneous
views. Moreover, these personal frameworks of understanding include substantial elements of personal
experience, feelings, emotions, attitudes and socioculturally-determined knowledge, beliefs, values and customs.

Extending Giroux's (1992) notion of the teacher as “cultural worker”, Medvitz (1997) argues that science can be
learned in much the same way as an anthropologist learns another culture. The concepts, procedures and
language of science are recognized as cultural artefacts, susceptible to systematic study. They are valid and
robust within the cultural context in which they were developed, but sometimes have little relevance or meaning
outside it. This ‘anthropological curriculum’ might usefully be extended to include critical scrutiny of the culture of
the school: that is, being explicit about the ground rules of school (codes of behaviour, language use and social
norms) and the rationale that underpins them.

Science Teacher as Anthropologist

The literature of teacher education abounds with metaphors: teacher as broadcaster, teacher as gardener,
teacher as tour guide, teacher as police officer, entertainer, and so on. Perhaps there is room for another:
teacher as anthropologist, or “teacher as culture broker” as Aikenhead (2000) expresses it. It is part of the
teacher's job to help students gain an understanding of what, for many, are alien cultures (the subcultures of
science, school and school science) and assist them in moving freely and painlessly within and between them
(Pomeroy 1994, Aikenhead 1996, 1997; Aikenhead & Jegede, 1999). What is needed is a way of entering the
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subculture of science, using its knowledge and procedures to engage in interesting and important tasks, and
leaving again with one’s sense of self intact. Better still, with one’s sense of self enriched by the experience. It
seems almost superfluous to say that it is crucial that the science education we provide does not require
students to give up or compromise their cultural identity, aesthetic sensibilities or moral/ethical values. When
presented with such a choice, many students do not choose science.

When... students’ language and cultural experiences are in conflict with scientific practices, when
they are forced to choose between the two worlds, or when they are told to ignore their cultural
values... [they] may avoid learning science (Lee, 1997, p.221).

My argument is that students can only understand science properly (that is, at a personal level) if they
understand ‘where it is coming from’ - that is, what its fundamental beliefs and assumptions are. Teaching for
personal understanding is not just a matter of providing discrepant events and a clear argument for the validity of
a new idea. Students also need to understand the fundamental metaphysical considerations and value positions
that underpin scientific knowledge and scientific inquiry - for this, they need explicit teaching about science.

Tyson et al (1997) suggest something similar when they make a case for conceptual change to be viewed
through three lenses: an ontological lens (students are looking out at the world), an epistemological lens
(students are looking in at their own knowledge) and a social/affective lens. As they say, all three aspects impact
on learning and can impede or facilitate border crossings. However, their model is too static and too logical for
my purposes. Above all, it is too impatient of culturally-determined differences in worldview: “students have to
stop thinking of concepts like heat, light, force, and current as material substances” (p400, emphasis added).
The approach | am seeking does not equate understanding with belief, nor does it seek to displace other
worldviews with the approved scientific view. Rather, it seeks to equip students with the knowledge,
self-knowledge and confidence to move freely between different worldviews, accepting each on its own terms
and for its own purposes. Ogawa (1995) expresses similar views in his notion of “multiscience teaching”: helping
students to move comfortably and effectively among personal science (including all forms of idiosyncratic beliefs
and explanations for phenomena), indigenous science (the communal beliefs of the specific cultural group to
which one belongs) and Western modern science (as promoted through the curriculum). Aikenhead (1996, p.41)
develops this idea further.

Border crossings may be facilitated in classrooms by studying the subcultures of students’
life-worlds and by contrasting them with a critical analysis of the sub-culture of science (its
norms, values, beliefs, expectations, and convention actions), consciously moving back and forth
between life-worlds and the science-world, switching language conventions explicitly, switching
conceptualizations explicitly, switching values explicitly, switching epistemologies explicitly.

Particularly helpful in this regard, despite being more than thirty years old, is the approach of King and Brownell

(1966), who describe the disciplines (including science) in terms of eight characteristics.

* As acommunity - a corps of competent people with a common intellectual commitment to building
understanding.

* As a particular expression of human imagination - an idea that has much in common with Gardner’s (1984)
currently fashionable notion of multiple intelligences.

* As adomain - each discipline defines and develops its particular sphere of concern and interest.

* As atradition - a history, comprising the activities, experiences and discourse of earlier practitioners.

* As a syntactical structure - a distinctive mode of inquiry and collection of methods for generating and
validating new knowledge.

* As a substantive structure - a complex framework of concepts, laws, models and theories.

* As a specialized language - a form of intellectual shorthand for conveying meaning quickly and accurately, as
well as a distinctive form of argument.

¢ As avaluative and affective stance - an array of fundamental beliefs about the nature of being and a complex
of emotional dynamism and aesthetics.
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Studying these matters and making them explicit to students involves confronting and dispelling the many
distortions and falsehoods about science that are commonly projected by school science curricula. Prominent in
this distortion of science are the following ten myths (Hodson, 1999a).

» Observation provides direct and reliable access to secure knowledge.

» Science starts with observation.

» Science proceeds via induction.

» Experiments are decisive.

« Science comprises discrete, generic processes.

« Scientific inquiry is a simple, algorithmic procedure.

« Science is a value-free activity

« Science is an exclusively Western, post-Renaissance activity.

« The so-called scientific attitudes are essential to the effective practice of science.

« All scientists possess these attitudes.

In general, female students and members of ethnic minority groups experience the greatest barriers to
successful border crossing into the community of science. Consequently, de-mythologizing science should pay
particular attention to dispelling the notion that science is an exclusively European or North American (ie white
ethnocentred) and masculine practice, and should address questions about the rationality of science and its
correspondence (or not) with other ways of knowing and other ‘sciences’ (African science, Feminist science, etc)
(Hodson, 1999b). The explicit comparison of science with other ways of knowing (philosophy, religion, etc) and
with everyday knowing and indigenous science (what Ogawa (1995) calls “multiscience teaching”) is likely to
prove the principal means of achieving the goal that Jegede (1995) calls “secured collateral learning” — the
capacity to pass freely and confidently between different knowledge stores and worldviews as the need arises.

Becoming More Self-conscious

As individuals learn more science and more of other things, too, their personal frameworks of understanding
become more complex by addition of concepts and ideas (what Hewson (1981) calls “conceptual capture”) and
by reorganization and restructuring (what Ausubel et al (1978) call "progressive differentiation”). These concepts
and ideas can be arranged in a number of different ways, rather like a series of maps can be organized to
represent rainfall, population or geographicatl features. Not only do these maps differ somewhat from person to
person, but each of us has an idiosyncratic selection of maps available to us. These maps constitute our-
personal framework of understanding. Learning which map to choose and how to deploy it effectively in
particular circumstances is the passport to smoother border crossings.

Of course, these maps are predominantly linguistic maps. Hence, education in science is, in large part, a matter
of (i) acquiring familiarity with the specialized language of science and (ii) using it appropriately, in both its
spoken and written forms, for a variety of purposes and in a variety of contexts. Learning the language of
science is not just a matter of acquiring a few specialist terms and purpose-built vocabulary items. It involves
introduction to, and gaining familiarity with, what Lemke (1990) calls the "thematic patterns” of science: the ways
in which concepts and ideas are related within @ much broader network of inter-dependent meanings. It also
entails getting used to some of the other distinctive features of scientific language: the tendency to utilize
universal rather than particularistic meanings; the use of technical terms and symbols in preference to colloquial
terms; and the use of familiar everyday words in restricted and specialized ways. A science curriculum can be
regarded as successful by the extent to which students can use this language appropriately and can present
ideas and findings in the distinctive genres of science, particularly the scientific paper and the laboratory or
fieldwork report.

Students will learn the language of science properly only through interaction with someone who is aiready an
expert, and by using it themselves in carrying out authentic scientific tasks. Thus, teachers should model
appropriate language use, make explicit reference to its distinctive features, provide language-based activities
that focus on them, create opportunities for students to act as autonomous users of the language, and provide
critical feedback on their success in doing so. There also needs to be much more metatalk (talk about talk), with
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teachers explaining why they are adopting a particular linguistic form. Students need to know that while everyday
language will suffice on some occasions, a specialized language of science is necessary on others. They need
to know the circumstances in which different codes are applicable and they need lots of practice in switching
between them. This is one key aspect of what Aikenhead (1996) calls autonomous acculturation: “a process of
intercultural borrowing or adaptation in which one is free to borrow or adapt attractive content or aspects of
another culture.”

Strike and Posner (1992) found that students’ epistemological views and attitudes affect and are affected by their
learning of science. In particular, “students who did well in physics were more inclined to be realists about
physics, to demand consistency in their beliefs, to be empiricists in their views of scientific method” (p.165). They
also found that confidence in one’s ability to learn physics, approaching learning as a task of understanding
rather than just remembering, and valuing learning for its own sake, facilitate and are facilitated by growth in
physics competence. Of course, it begs the question of what counts as “doing well in physics” and leaves
unanswered the question of what “physics competence” means. Nevertheless, it does point to the importance of
studies in the history, philosophy and sociology of science in bringing about better learning of scientific content
and attitudes more favourable to successful learning in science. And it does point to the significance of
self-awareness in achieving what Munby (1980) calls intellectual independence: the capacity of an individual to
judge the truth of a knowledge claim independently of other people, and to exercise similar independent
judgement with respect to views about science and scientific practice. Kuhn (1989) summarizes such views
when she describes those enculturated into science as capable of consciously articulating the theories they hold,
knowing what evidence supports them or would refute them, and justifying why they hold those views rather than
some other views that might also explain the evidence. In a sense, she says, the scientific expertise that
enculturation bestows is rooted in metacognitive awareness of epistemological issues: “thinking about theories,
rather than merely with them, and thinking about evidence, rather than merely being influenced by it" (p.688).

What | am arguing is that border crossings are eased by helping students to become more conscious of what is
involved in border crossing, by promoting a kind of cultural awareness that involves students understanding the
social location of beliefs and practices, acknowledging the context-dependence of most of what they think and
do, and recognizing the existence of different modes of discourse, each having a distinctive sociocultural origin.
Part of this cultural awareness entails recognizing that science itself is a subculture, with its own distinctive
knowledge, language, methods, rationality, criteria of validity and reliability, traditions and values; part entails
students reflecting on their personal frameworks of understanding and considering carefully the circumstances in
which they came to hold particular views and develop particular skills. The capacity to reflect on one's own
understanding and to understand and control one's own learning are further elements in the struggle against
assimilation and exclusion. However, the capacity to engage in such critical reflection and the attitudinal
commitment that drives it also have to be taught.

Learning About Learning

With appropriate teacher support, students can construct an understanding of their own learning processes, just
as they construct (or co-construct, with teacher support) their own views of the world and their views about
themselves. Indeed, Gunstone (1994) reports that even students as young as eight years old can be made
“learning conscious”. It is widely acknowledged that students who understand their own learning and know how
to monitor and regulate it are far more effective and successful learners than those who do not. In general,
students who learn to reason about their own knowledge, and to question how and why it fits in with other ideas,
are more successful in learning (Linn, 1987). This understanding also influences how students perceive errors in
their work - as evidence of failure or as a source of useful information for modifying future actions. Learning how
to learn more successfully is also an important key to feelings of control and competence, factors that are
essential to good motivation and are at the heart of intellectual independence.

Two points should be noted. First, teachers should employ a wide variety of metacognitive activities, because
students quickly routinize any task and may fake good learning behaviour in order to win teacher approval
(White & Mitchell, 1994). Second, teacher development must precede that of students. Significant changes in the
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metacognitive skills of students can only be achieved by teachers who, themselves, possess appropriate
understanding, attitudes and abilities (Baird et al. 1991). Similar demands on teachers accrue from the several
other aspects of the approach to science education described in this paper. In adopting this approach, teachers
are more than facilitators, organizers, managers and discussion leaders, they also have to be skilled
practitioners of science. In order to introduce students to the cultural tools and conventions of the community of
scientists, devise learning experiences that are scientifically significant as well as meaningful and interesting for
students, and in order to guide, criticize and advise students, and ask and answer critical questions, teachers
must have a deep understanding of both scientific knowledge and scientific methods. Moreover, they must have
a thorough knowledge of the historical development of science, its social, economic and environmental impact,
and the social, moral and ethical issues it raises for individuals and for society. This is a pretty daunting set of
specifications, but one that holds out the prospect of a much more professional role for science teachers than
many other models of teaching and learning, and one that points to clear targets for both pre-service and
in-service teacher education .
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Abstract

Are children’s acceptance of science learning and their attitudes toward practitioners shaped in the classroom by
means of the priorities of the attentions of the teacher or by the demands for attention by males in co-educational
environments? If they are significantly affected by the educational environment, would the attitudes of children
toward science and scientists be altered if the children were taught in gender-specific schools? An interest in the .
correlation between gender-specific educational environments and learners’ attitudes in science education has
piqued the curiosity of the present researchers. This question, therefore, has served as the major focus for the
present research. '

The researchers, with full permission and approval of the original author, used a slightly altered questionnaire
originally developed to determine, on a broad international scale, the attitudes of children toward science and .
scientists. The questionnaire in the present study was distributed to 180 eighth-grade students in six private
schools in a single geographic area in one state in the United States.

Findings were interesting and indicated that attitudes among upper middle-class children in the southern United -
States are much more influenced by cultural factors, including television, than they are by the absence or
presence of students of the opposite sex or the attentions of the science teacher. The fi indings would appear to
negate the claim that the reason girls frequently do not choose a science career is because their elementary
school teachers favor males with more attention. In this particular study, although there were noticeable
variations in attitudes of female students in gender-segregated schools as well as in co-educational schools, .
single sex educational environment does not appear to make a significant difference in general attitudes. There
is a need for more and different types of research into children’s attitudes toward science and scientists.

- Introduction
There has been much wrrtten and a number of research studles done |nd|catrng that smgle sex schoohng could
be beneficial for girls, especially in those curricular areas generally thought to be * ‘male oriented” (scrence and .
mathematics). In an article by Thomas Lyles in The National Elementary Principal (1966), the author told how . ..
teachers used more science materials and experiements with boys' classes. He stated, “Mold can be studied
from a medical standpoint by boys and in terms of cooking by glrls" (39); In the 1990s, Sadker and Sadker B
(1993), found arguments in favor of slngle sex schooling persuasive. They wrote in Failing at Fa/rness “Girls in
single-sex schools have higher self-esteem, are more interested in nontraditional subjects such as science and
math and are less likely to stereotype jObS and careers" (233). :

The present researchers’ got therr |nsp|rat|on anda great deal of assrstance from the Science and SC|ent|sts (SAS) .
international study of Dr. Svein Sgjberg, whose prehmrnary findings were published in Acta Didactica by the
Department of Teacher Education and School Development at the University of Oslo in January, 2000. It is a great
method of finding out about children's attitudes, despite the fact that some of the questions - those designed for
children in less highly developed societies - gave pause and perhaps a smile or two to some of the respondents'

in h|s pilot study report Dr deberg (2000) stated that, “The |ntent|on of the SAS study is to shed light on some
of the issues that may be important for an |nformed discussion of priorities in science education that is sensitive
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toward the background of children, with emphasis on culture and gender” (7). * Having seen several interim
presentations (GASAT, 1996; IOSTE, 1996 and 1999) and carefully studied the publication of the results of the
SCIENCE AND SCIENTISTS twenty-six nation study, the present researchers were curious about the
ramifications of the research if it had other parameters. They thereafter embarked upon a further investigation as
a complement to and expansion of the original SAS project.

This is not intended to be a replication of the SAS study, although permission to use their questionnaire and to
slightly modify it to suit present circumstances were secured from Dr. Sgjberg. What this study is presenting,
along with the collected data, is the researchers’ interpretation of those data and their own speculation about the
motivations driving the responses received. The present researchers are endeavoring to determine how cultural
factors and parental attitudes have affected students’ perceptions of science as a career choice and scientists as
persons, as well as the impact of school type on attitudes of students in a selected socio-economic and
educational setting.

Since some researchers’ responses to other gender based science education studies (i. e. Lockheed, 1986)
have suggested the strong possibility that gender bias would not be present in science instruction provided by
teachers in gender specific schools, one of the prime motivations for the present study was to attempt to either
give credence to this theory or to prove it false. The schools used in the present study: two all male sectarian
(religious), two all-female sectarian, one co-educational non-sectarian and one co-educational sectarian, all
catered to upper middle-class students and teachers were of both genders in all schools. Students’ ages varied
from thirteen to fourteen and they were all in eighth grade. The results indicate that there is no appreciable
difference in the attitudes toward science and scientists in single-gender schools and, for the most part,
responses follow a cultural rather than a gender trend.

Procedure

With the full permission and approval of the director of the primary study, and using a slightly altered SAS
questionnaire, present research was designed to complement the original investigation, to determine if attitudes
toward Science and Scientists are in any way influenced by gender-segregated schooling. Because the
gender-segregated schools to be used were religious one question was omitted (having to do with birth control);
and, due to the difficulty already encountered by the primary researchers in evaluating the writing and drawing
samples, both were omitted from the present study.

The questionnaire, a five-part instrument after the above-mentioned alterations, was distributed to eighth-grade,
thirteen and fourteen-year-old students in two male-only, two female-only, and two co-educational schools. All
schools are privately run and charge tuition. Only one of the schools (co-educational) was secular in orientation.
Ninety-nine percent of the students come from upper-middle-class homes; fewer than one-half of one percent of
the students receive tuition relief. There were thirty-five completed responses from each school. Completed
questionnaires were coded, using an eight-digit number to indicate student, gender, age, co-educational or
gender-segregated school, and country. Results were interpreted using SPSS, and produced in graph format.
Responses were interesting and generally mirrored those of respondents in developed countries in the pilot
study. There were noticeable variations in attitudes of female students in gender-segregated schools as well as
co-educational schools..

There is no doubt that the data greatly reflect the fact that all questionnaires were distributed to students enrolled
in private (tuition-charging) schools in a single state of the southern United States (Louisiana). All respondents
are products of their upper middle-class environment - children from a socio-economic status which adopts much
of its thinking, attitudes and opinions from televison, movies and social peers. The responses also reflect the
more conservative position of parents who are anxious for their children to conform to the social and cultural
norms of their own class.

This is an extremely long survey, having some two hundred and two items; and, to save time, the researchers
have elected to discuss some of the questions whose answers indicate strong differences of opinion. Only those
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responses Will be discussed, although all responses have been graphed and are available in another part of this
paper.

The data collected were coded for gender, age, school type, and country. The questionnaire was divided into five
sections and the data analyzed accordingly. The data were analyzed using the Statistical Package for the Social
Sciences (SPSS, 2000). Two graphs were produced per question showing percentages by school type and
gender. One graph shows results of female-only school and female-coed school views of the items from the
guestionnaire. A second graph shows the same for the males.

A one-way multivariate analysis of variance (MANOVA) was conducted to determine the effect of school types
and gender (All female school only vs. females in a coed school; all male school only vs. males in a coed school)
on the dependent variable (Questionnaire items.). Significant differences were found among some of the
dependent variables.

Discussion of Results

The responses to questions 21 (caring for others) and 25 (interesting and exciting person) indicate that the
children feel that the biologist and the medical doctor are very caring and interesting; girls in co-ed. (CE) schools
to a greater extent than girls in single-sex (SS) schools; while responses to 12 (selfish) and 15 (boring) - ss girls
saw the physicist as more caring than did those in CE schools, which does not fit the general pattern - indicate
that they see the physicist or engineer as boring and selfish; a reflection of the fact that most children have, at
some time in their lives, met a physician and been either positively or negatively impressed by the person. They
have seen doctors depicted in movies as suave, wealthy, intelligent individuals who do exciting things. The work
of physicists and engineers is usually behind-the-scenes, no matter how impressive the project, and relatively
unexciting, so they are not seen as interesting to the casual observer.

Male responses to questions in section A, especially 9, 12, 16, and 19, indicate that boys in SS schools believe
that scientists in general are intelligent, hardworking, kinder and more humane than do males in CE schoals,
indicating a more consistent trend among boys in SS schools toward a favorable view of science and scientists.

Answers to questions 17 (authoritarian/domineering) and 26 reflect that the respondents in both SS and CE schools
see the medical doctor/biologist as more authoritarian than the physicist/engineer . The researchers believe the key
here is that engineering is known as a consultative profession, dealing with more abstract ideas (if bridges can be
thought of as abstract!), and the opinions of these individuals may or may not be accepted; whereas, doctors are
consulted when one needs their opinion; when one has a personal stake in that opinion. People in developed
countries tend to have a great deal of respect for their doctors and their opinions. In addition, much respect is given in
the United States to those in high-paying positions and the medical profession tops the list.

In questions 40 (used a radio), 41 (recorded with a tape recorder) 42 (recorded on a VCR), 43 (played video or
computer games) , 44 (used a calculator), all dealing to some extent with technology, girls in both SS and CE
schools indicated “often” while boys more frequently used a personal computer (question 45). These responses
indicate that girls are more attuned to personal, passive, “inside” activities and less to the active, participatory.
Girls, although they mature earlier than boys, frequently don't like to be seen as smarter or more “grown up” than
their male peers; African-American girls are often seen as “selling out” to the white over-culture if they display
their intelligence or appear to be smarter than the African-American males.

All girls indicated that they “played with light and mirrors” (# 46) more than boys did. This was interpreted to
reflect their use of makeup and their greater concern with their appearance, probably a reflection of the
American culture’s obsession with youth, good looks and the traditional role of women as decorative objects.
There was almost no difference between responses from SS and CE respondents.

Items 29, 30, 45, 73, 75, 77, 79, 82, all directed toward children in a non-industrialized society, and taking into
consideration the large size of the sample, elicited generally negative responses, most respondents in both
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school types indicating “Never”. In number 99 (made anything from clay) both sexes in CE schools indicated that
they had done it more often that any respondents in SS schools.

In questions 108 (pollution and dangers of traffic), 113 (plants and animals in other parts of the world, 115
(bacteria, virus and disease), girls indicated a slightly higher concern than boys, which is probably attributable to
their increased concern for the environment and, by extension, the general awareness of problems of family
health.

Responses to questions 115 (bacteria, virus, disease) and 116 (vaccination and prevention) showed that both
SS girls and boys have a greater interest in these topics than CE girls and boys. Traditionally in both
undeveloped and in industrialized societies, food gathering (here and now known as stipermarket shopping),
family care and child rearing are the provinces of women; and, among the upper middle class until the last
century, was almost their only occupation. It is to be expected, therefore, that questions 119 (how to heat and
cook food), 120 (what to eat to be healthy), and 121 (how babies are made, how they grow and mature) would
reflect that tradition; girls, especially those in SS schools, being more anxious to learn about such things than
boys. As all respondents were children of the city, in a highly industrialized society, they showed very little
interest in anything related to food gathering and processing.

Girls, and this was consistent in both SS and CE schools, were much more enthusiastic about learning about
colors and how we see them than boys (question 129), probably because they are trained almost from birth to be
concerned about their appearance. Other gender based studies have indicated that the most frequent comment
to girls by their science teachers have to do with the students’ appearance. More girls rated number 138 (the
rainbow) as interesting than did boys. As they did with number 141 (why the sky is blue and the stars twinkle).
These responses could reflect both girls’ concern with the environment and their interest in color. In general,
boys showed more interest in pure science, in both categories of gender and school type. Boys indicated more
interest in computers and how they work than girls.

Females showed more interest in questions 160 (how to get clean and safe drinking water)and 161 (how we can
protect air, water, etc.) because of their heightened concern for the environment. However, they tend to take
such things for granted in their society. Question 163 (test-tube babies) reflects girls’ interest in the traditional
female role of child bearing and rearing. Responses to numbers 164 (how children in other parts of the world live
and think), 165 (why people in different parts of the world look different...) and 166 (how science and technology
may help the disabled) all indicated a higher interest level of girls than of boys in both types.of schools. Society
assigns the “sensitive and caring” role to females and these responses indicate that the respondents probably
subscribe to that prescription.

All male respondents indicated a high level of interest in question numbers 170 (how a nuclear power plant
functions) and 171 (what an atomic bomb consists of ...), which may reflect boys’ greater interest in war and
weapons.

Forty-five percent of girls in SSs schools and 33 percent of girls in CE schools indicated that work with people
rather than things is important to them (questions 175 and 187), reflecting the overall pattern of female concern
with and caring for people. In item number 186 (time for own interests) girls again demonstrated their concern for
others. Males in CE schools had a higher mean than males in SS schools in their responses to questions 175
and 187. Males’ responses to question 183 (control other people) fits the cultural pattern of male leadership -
males lead, females follow - and their interest in leadership training.

Question 178 (earn lots of money) was considered very important by boys in SS schools (65 % ), while 43% of
girls in SS schools considered it of some importance. Getting a secure job (item 185) was very important to both
boys and girls and there was little statistical difference between the two, indicating that, in today’s society, secure
female employment, even among those of the moneyed class, is of high importance, while males, too, feel the
pressing need to be assured of a lucrative career. Question 189 asked for respondents’ opinions about
developing new knowledge and skills. Over 80% in the SS boys’ schools considered it very important, while only
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45 % of SS girls agreed that it was important. Both boys and girls fell somewhere between in the CE schools.
There were many blanks on question number 196 (most suitable for boys), probably indicating a basic career
indecision on the part of respondents.

Girls found science boring (191), which fits into the cultural pattern of science as a male career. However, the
positive responses by both boys and girls to items 192 (science creates problems for society), 193 (science
creates pollution) and 194 (science is useful for everyday life) indicate that children in our society do not think too
badly of science in general and they think that science professionals are useful members of society.

In item 201 (science is difficult to understand) 55% in SS girls schools and 45% of SS boys and 50% in CE
schools responded positively. Question 202 produced 48% yes and 52% blank responses from SS boys, and
32% yes and 54% blank from SS girls. Forty-five percent in the CE schools said yes. What is interesting is the
number of items which were left blank.

Conclusions

Conclusions to be drawn from this study:

1. Girls are generally more imaginative, creative and caring in SS schools than girls in CE schools. This could
be a factor of the cultural vision of the female as possessing these attributes.

2. Single-sex educational environment does not seem to make a significant difference in the altitudes toward
science and scientist in either males or females.

3. Pure science seems to be of greater interest to boys than to girls, regardless of educational environment.

4. Science content which interests children appears to be more a factor of enculturation in girls more than in
boys.

5. Although there are women in the blologlcal life and environmental sciences, for the most part, the physical
sciences are still male-dominated in the United States. This vision is reinforced by television, peers and
parents.

6. Nothing in this study gave any indication of the influence of either male or female science teachers in the
schools used.

The only trend evident in the collected data is that no change in attitude is apparent or prevalent and there is no
indication that change is likely to take place in the present or even in the next generation. There is a need for
more and different kinds of research into children’s attitudes toward Science and Scientists.
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Abstract

This paper describes how preservice primary and inservice middle schools teachers received a practical
introduction in their course work to the key features of environmental education, by being immersed in local
environmental case studies where crucial decisions about the future were being decided. In Hamilton city, New
Zealand, a remnant of the ancient podocarp forests — the so-called dinosaur forests - was under threat by
neglect; in Durham, New Hampshire, city planners were considering developing a glacial forest terrain. In the
absence of formal, compulsory environmental education curricula in both countries, the teachers voluntarily
enrolled in these two courses (only sixty hours duration) because they sensed that environmental education
could be very important in their future teaching. The two researchers therefore adopted a framework for
environmental education at large, using these two cases studies as an early way of immersing students in the
richness and complexity of environmental decision-making. The model’s objective is to provide a preliminary
definition of environmental education by integrating learning “about”, “in” and “for” the environment on a time-line
which perpetually holds out the goal of sustainability. The model is under-pinned by carefully selecting (from
science, technology, etc.) concepts, skills and values — described fully in the paper - which ultimately drive
socially responsible action. '

Both courses, based on experiential learning, therefore adopted a case-based, inquiry-orientated pedagogy
incorporating social action on a local issue. The New Zealand students, fortified with an understanding that a
huge forest of these podocarp trees (called kahikatea) had once thrived in large cool, silty local river beds,
were able to investigate the result of human actions: tree-felling, wetland draining, dairy farming and
urbanisation. In one patch, a civic decision was imminent: either to enhance the trees’ sustainability by
incorporating them into a new artificial wetland and park, or to turn the whole area into a sports facility. In New
Hampshire, the students explored the local university forest with the knowledge that this piece of land was
under intense pressure by the university officials and the city council to be used for sports fields, parking and
a loop road. Teams of students investigated facets of the problem and this knowledge was incorporated into
decision-making process.

In summary, the case studies served as frequently revisited contexts in which the model of environmental
education could be understood. Consequently, this early highlighting of decision-making ensued that social
action was always recognised as the central feature throughout, not merely at the end.

Introduction

Even when they were emerging as significant phenomena in human social history, science and technology
could be seen to have enormous environmental consequences. For example, Francis Bacon’s catalogue of
twenty-four ‘improvements’ in scientific knowledge, as outlined in his supposedly utopian New Atlantis of
1621, now seems to clearly anticipate such contemporary issues as genetic modification, drug trials on
animals, nuclear armaments, and so on (MacDonald, 2001). Goethe’s 1829 prophetic anxiety (Riordin, 2001)
about rampant technology — “the alarming increase in machines torments and frightens me” — has found its
fulfilment in Rachel Carson’s indictment of the pervasive and insidious consequences of technology: “Only
within the moment of time represented by the present century has one species - man — acquired significant
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power to alter the nature of his world ... The most alarming of all man’s assaults upon the environment is the
contamination of air, earth, rivers and sea with dangerous and even lethal chemicals” (Carson, 1963, p.6).

Encouraging people to actively engage with local issues about the past, present and future consequences of this
“significant power” is a central goal of most environmental education. A basic concept underpinning
issues-based approaches is that of ‘sustainable development’, which is often defined as “development which
meets the needs of the present without compromising the ability of future generations to meet their own needs”
(World Commission on Environment and Development, 1987). It is hoped that through this approach, people
are more mindful about how decisions impact human and non-human populations.

Although the need for environmental education might seem to be self-evident to many educators (van Matre,
1990), and despite the often-expressed views of pupils and parents (Osborne and Collins, 2000), environmental
education frequently still struggles to find a place in national and regional curricula (Yencken, Fien & Sykes,
2000). Given the origins of many environmental problems described above, it is nevertheless encouraging that -
as this conference calls for - “rethinking” is occurring in science education (Gough, 1999; O'Donoghue &
McNaught, 1991; Nicholas, Oulton & Scott, 1993) and in technology education (Dillon, 1893) as these two
established curriculum areas seek “... to meet the demands of future generations in a changing world". The
present paper describes a contribution by two tertiary science educators, who have adopted a framework for
environmental education at large and have sought to epitomise its essential features in a case study approach.

The Framework and the Pedagogical Strategy

The framework (Figure 1) provides a preliminary definition of environmental education as an integration of three
dimensions - learning “about”, “in' and “for” the environment - on a timeline which perpetually holds out the
concept of sustainability as a key goal. Three other concepts underpin this goal: maintaining biodiversity,
understanding interdependence, and accepting personal and social responsibility for action. It is the latter, which
drives the process forward, but it needs to be coupled with a social context where problem solving and
decision-making are currently required.

The framework was applied in the design of a course for preservice primary in New Zealand and inservice
middle schools teachers in the United States in situations where science education and technology education,
but not environmental education, were accepted components of the curriculum. Both courses faced the same
dilemma: how, in a very limited time frame, to introduce the essential, distinguishing character of environmental
education. The pedagogical strategy adopted to achieve this was to select a Jocal context (as opposed to a
school, national or global context) where contestation and decision-making was currently an issue, and to
identify and be part of the decision-making throughout the course.

The New Zealand Case Study

For the 25 students taking the fifty hour, twelve-week New Zealand course, a remnant of the ancient podocarp
lowland forests of Gondwanaland (the so-called dinosaur forests) within Hamilton City (population 110,000, 100
kilometres from Auckland) was chosen as the local issue. A Hamilton City Council decision crucial to the future -
of this 5 hectare block of mainly kahikatea trees (Podocarpus dacrydioides), known as Jubilee Park (formerly
called Claudelands Bush), was currently being made, and public submissions were being encouraged. The issue
was: What will happen to the Jubilee Park forest as it becomes amalgamated with an adjacent lot of 25 hectare
(previously an agricultural showground) in the setting up of the new Claudelands Park?

The issue was raised very early in the course when students viewed a videotape which summarised the history
of Jubilee Park until about 1990. Then they became aware that, taking into account an assessment carried out
seven years previously (Hamilton City Council, 1993), the Council had proposed a draft plan (Hamilton City
Council, 2000a) for the new Claudelands Park which had received favourable submissions (Hamilton City
Council, 2000b). However, these had been set aside when Council decided to call for further submissions based
on two zoning possibilities for the new Park. Should it be zoned as a ‘passive recreation area’ (basically as in the
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draft plan), comprising lawns, walkways and an extended pond area which encompassed Jubilee Park? Or
should it be zoned as an ‘active recreation area’, which would permit the construction of sports facilities and
playing fields, with no special provisions for Jubilee Park?

The students’ issue-based learning then developed, simultaneously, along the three dimensions of
environmental education:

Education ‘about’ the environment: Students researched and discussed the timeline for kahikatea. They

discovered that

* These tall, straight conifers, unbranched for much of their immense height, were present 160-180 million
years ago in the birdless, flowerless world of the super-continent of Gondwanaland; pterosaurs, no doubt, “...
perched in the branches of kahikatea overhanging tidal rivers, drying (their) clumsy wings” (Park, 1995, p.36).

* When New Zealand began to raft away from Gondwanaland about 80 million years ago, terrestrial dinosaurs
continued to digest the little fleshy red lumps (feet) under the black seeds, which would be “... planted out,
each in its supply of slow release fertiliser, somewhere in the forest” (Bellamy, 1990, p.72).

* Perhaps 15,000 years ago the present site of Hamilton City was near the centre of a huge basin (McCraw,
1967; Soons & Selby, 1992, p.243; Stephenson, 1986, p.40) where forests of kahikatea grew densely “... in
deep peaty ooze or even over flowing water” (Smith, 1987).

» Over the 1,000 years or so of human habitation, Maori have climbed these 60 metre trees (New Zealand's
tallest) to gather the fleshy ‘feet’ for food, and they have snared the birds which come for the same purpose
(Orbell, 1996, p.27).

* Jubilee Park represents one of the many kahikatea forest fragments (Environment Waikato, 2001) which
remain from the huge forests which existed when Europeans first arrived in the Hamilton basin in 1840s
(Norris, 1963, p.1) but which — with the need for land for dairy farming - had largely disappeared by the
1940s (Park, 1995, p.69).

» Like many New Zealand native plants, kahikatea comprise a gene pool with considerable medicinal and
therapeutic potential (Brooker, Cambie & Cooper, 1981, p.32).

Education ‘in’ the environment: Formally and informally, the students visited Jubilee Park on a number of

occasions. They

» Explored the concept of biodiversity by comparing the species present now with those of fifteen (Boase,
1985) and fifty (Gudex, 1955) years ago.

» Came to a deeper understanding about interdependence by discussing how forest ‘islandisation’ creates
damage by wind exposure and reduces bird habitats. In particular, they reflected on the near absence of
seedlings and pole kahikatea, and how lowering of the urban water table makes regeneration of swamp trees
nearly impossible.

» They strolled around three other local kahikatea remnants — Masters’ Avenue Bush, Whewell's Bush and
Yarndley's Bush (Evans, 1982; Edmond, 1984) — comparing them with Jubilee Park, and also trying out
interpretativist activities (Cornell, 1989) in experiential learning mode (Fien, Heck & Ferreira, 1997, p.37).

Education ‘for’ the environment: The students

* Worked for a day replanting a former kahikatea wetland, Lake Rotomanuka.

* Held a concluding class debate, where they surveyed all their perceptions of the ‘active’ versus ‘passive’
recreation choices for Jubilee Park, and were encouraged to make individual submissions. Later, but before
the course concluded, they learned that the second round of submissions (Hamilton City Council, 2001a) had
resulted in the adoption of a plan (Hamilton City Council, 2001b) based on the ‘passive’ recreation option and
which included specific provisions for the management of the Jubilee Park kahikatea forest, and that sports
interests (like rugby football) were willing to co-operate with the plan (Taylor, 2001).

Concerning the remainder of the course, this early highlighting of local decision-making ensued that social action
was always recognised as the central feature. Decision-making remained the central focus when the students
explored a school context (Mardon & Jones, 1999), a national context (conservation of endangered species),
and an international context (greenhouse emissions, ozone depletion, and human populations).
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The United States Case Study

Fifteen graduate students, most of them experienced middle school teachers, enrolled in an institute on
environmental education. This summer course consisted of students attending class for four weeks, four days a
week, eight hours a day. The goal was to immerse students into the complexities of the learning about and the
teaching of environmental education. Three university faculty members (a scientist, a science/environmental
educator, and a philosopher) worked to provide a coherent model on how to unpack and learn about local
environmental issues. During the first two weeks of the course, the students investigated a small piece of forest
comprised of 250 acres of woods, streams and smalll fields called College Woods. College Woods is not a
unique forest, in fact, the eastern deciduous forest is most common type in New Hampshire where the thin soil
and cold climate.

The instructors of the course selected this forest as the focal issue in their case-based approach. They thought
that the College Woods case made an exemplary example of how decisions are made about small pieces of
undeveloped land. Smaller and unnoticed decisions about development is typical of what every community is
facing in this part of the United States (Kaufman, 1992).

In our example, College Woods is under heavy pressure to be developed in several ways. The university wants
to expand and would like to see playing fields and buildings where there are presently trees. The town and
surrounding areas are growing and the main thoroughfare is congested with traffic. The town leaders see the
forest as a perfect place to construct a loop road diverting traffic around the town. Both the town and the
university see this piece of land as “being unused.” However, people from New Hampshire are proud of their
rural heritage and development is changing the landscape subtlety into a suburban environment. The students
were faced with the following questions: is the land unused, is it unique enough to be protected, and who should
decide if and how to alter it?

The faculty members and students investigated the composition and biodiversity of the forest, examined
university documents, and interviewed people who use the forest as a way to frame their answers to the
questions. The pedagogical intent was to use this case study as a way to learn about issue-based
environmental education and to serve as a springboard for groups of students to then select their own issue to
study for the next two weeks of the summer institute.

The instructors developed issue-based case along the three integrated dimensions of environmental education.
For the purpose of the paper, the three strands are examined separately.

Education ‘in’ the environment: Students explored the College Woods as a typical forest habitat. They walked

through the forest several times noting the different forest types and gained some understanding on what caused

the local variation. Qualitatively, the students looked for evidence of disturbance (Watts, 1957; Wessels, 1997,

1999; Leslie, 1999). The students also studied the forest quantitatively. They ran some transects through

portions of forest to gain an understanding of the species composition of the vegetation, dug soil pits to

categorising the type of soils that existed, and monitored the quality of water in the river that ran through the

forest. They discovered that:

« The soil is thin and the Precambian granite (6 to 12 inches) base lies just under the soil.

e The river affected the type of forest near the water.

« Human disturbance was a major cause of what types of plants and animals lived there now. Examples include:
— Farming in the 1800s is still affecting the soil composition.

A tree farm planted by students in the 1930s that was soon abandoned after the planting has a lower

diversity of plants and animals than the surrounding forest.

A dam that was constructed in the 1940s on the river now supplies the water to the town. Students

found differences in water quality and the biodiversity of macroinvertebrates above and below the dam.

Old stone fences run through the woods as reminders that the forest was a farm.

Large spreading maples, used as shade trees, indicate some of the original farm was used for livestock

and now is forest.
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— Walking and running trails bisect the woods and are heavily used by the students and town's citizens.
* Biodiversity of the forest was affected by soil characteristics, past use, and current human impacts.

Education ‘about’ the environment:

To support their observational findings the students also read the history of the development from a large farm in

the mid-1800s to the university that exists today. To triangulate the information, several people (ecologists,

townspeople, and social scientists) talked about the development of this area. The students discovered that:

* The glaciers receded around from this area 10,000 years ago scraping away much of the topsoil.

* The colonists cleared most of the land in the 1700s for farming but as the more productive western lands
opened up in the 1800s New Hampshire turned away from agriculture to industry.

* The man who donated his land to build the university was a farmer.

* The river that runs through the forest can not meet the demand for water by the townspeople so the town is
building a canal from another river to this river to divert water to the reservoir.

* The town and university does not have plans to keep or maintain any natural areas, except 60 acres of
College Woods set aside as a multi-use area, in its mission statement.

Education ‘for’ the environment:

The students started to understand that to maintain natural areas at a local scale within a community,

understanding the appropriate scientific knowledge and applying the latest technology developments alone

would not change the path of development. Their conclusion was that certain values needed to be in place

along with the knowledge if wild areas were to be preserved (Snyder, 1990).

* People can make a difference. Because of many concerned citizens, including the students, the

_development in College Woods has been stopped for the moment.

* The students realised without a change of values by the university and town communities from growth to
diverse natural and human communities (Berry, 1996) there will be continued pressure to develop College
Woods

» The students summarised the information about College Woods and sent to the town administrators and the
university planning committee. '

* This example served as a springboard into explorations by the students into environmental issues in their
own state or community. Groups of students spent the next two weeks on issues of their own choice.

Conclusions

An issue-based model of environmental education that integrates *in”, “about”, and “for” the environment serves
as a rich and appropriate curriculum in which students can learn and apply key concepts in science and explore
the possibilities and the limitations of technology. In addition, students grapple with higher-order thinking skills
such as problem solving and decision-making in the same contexts in which they will have to make decisions
when they reach adulthood. In fact, the decision-making core of environmental education can provide potentially
liberating feedback to help shape a science education which is more attractive to a diverse population of
students and less elitist; more willing to engage in genuine action; and more capable of empowering young
people as future citizens (Gough, 1999).

Through this case-based approach students became aware of a more comprehensive world of meaning. Trying
to solve environmental problems awoken both a sense of grandeur about the world and a sense of responsibility
in them (Hutchinson, 1998). That paradoxical nature of awe and the disposition to care set the foundation for
solving problems. It also bought to bear the need to critically analyse the latest scientific information, to think of
a variety of solutions and to discuss the development and application of appropriate technologies to solve
problems now and in the future (Millar & Osborne, 1998). Applying science, technology, and values to
environmental problems in the classroom and beyond might help us grow beyond the Australasia notion of
humans as “the future eaters” (Flannery, 1994).
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Science

A
Achieving
Sustainability
A
Future
A
Maintaining
biodiversity
Four key concepts
in environmental education:
Present
A
Accepting personal and
social responsibility for action
Understanding about
interdependence
Education
Outside the Environmentalism
Classroom .
Education...
Three DIMENSIONS
of environmental
Education: About...
. the environment Environmental
Environmental Studies

Past

Fig 1: The framework suggested in this paper: Environmental education has three DIMENSIONS which operate
together under the guidance of four key concepts with the aims of maintaining and improving the quality of the
environment. This whole process of informed participation in decision-making is meaningful only in a time frame,
but it can be conceived in any one of four contexts: school, local, national or global. An appropriate dimensional
balance needs to be maintained: for example, teachers of science need to be wary that data gathering
(environmental science) does not subsume the process at large.
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Abstract

Grande parte das ages de Informagéo, Educagdo e Comunicagéo (IEC), centram-se na produgéo dos
chamados materiais educativos, sendo um dos componentes primordiais das politicas de prevengéo do
HIV/Aids. Observa-se no 4mbito das agbes governamentais e ndo-governamentais a existéncia de um
expressivo conjunto de materiais educativos (folhetos/folders, manuais, cartilhas, videos, etc. (MS, 1999). No
entanto, com base em revisdo bibliografica constatou-se uma reduzida problematizag&o do uso e da produgéo
de tecnologia educacional no campo da satde, sendo necessario um maior aprofundamento teérico capaz de
dar suporte ao desenvolvimento e avaliagdo desses recursos. Este trabalho analisa a produgéo de materiais
sobre DST/Aids e temas afins (década de 90), estabelecendo interfaces entre os campos da educagéo, satde,
comunicagdo e tecnologia educacional.

O levantamento da produgéo de materiais resultou no Banco de Materiais do LEAS (Biologia/lOC, Fiocruz) que
retne publicagbes diversificadas (livros, folder/folheto, manual e videos) editadas no &mbito governamental e
ndo-governamental. Seu objetivo & oferecer aos profissionais da educagéo e salide acesso a uma fonte de
recursos e pesquisas, em geral dispersas, capaz de auxiliar o planejamento e reflexao de suas agbes. O Banco
visa também subsidiar o desenvolvimento e avaliagéo de tecnologias educacionais relacionados ao temas
abordados. O desenvolvimento do Banco de Materiais foi norteado por duas fases: 1- Levantamento dos
materiais existentes e organizagdo do acervo (catalogagéo e indexagéo dos assuntos, temas e publico alvo); 2-
Ampliagdo do Banco através da incorporagao de informagdes oriundas de outros acervos: Secretaria Municipal
de Saude/RJ, Centro de Documentagao/ABIA, Catalogo Prisma (Nucleo de Estudos de Satide do
Adolescente/UERJ) e Odebrecht.

A andlise dos dados do Banco indicou um tc*al de 807 folders/folhetos cujos temas mais recorrentes foram Aids
(41,0%), DSTs/Aids (23,3%), Salude Reprodutiva (9,5%) e em termos de publico alvo predominou: populagéo
geral (39,4%), adolescente (12,5%), mulher (12,0%). Quanto aos 334 manuais os temas prevalentes: Aids
(40,1%), DST/Aids (15,9%) e Saude Reprodutiva (11,7%), sendo estes dirigidos principalmente a profissional de
saude (21,3%), populagéo geral (19,5%) e adolescente (15,9%). Os dados sobre temas e publicos alvos
predominantes no Banco contribuem para a identificagéo das tendéncias da producéo nesse campo. Permite
ainda refletir sobre a existéncia de lacunas nas abordagens educativas preventivas, como a necessidade de
acbes de salude mais integradas em relagdo a AIDS e saude reprodutiva. Ademais indica a importancia de se
refletir sobre as definicbes da categoria publico alvo, visando a anélise das concepgdes de identidade
sociocultural, sexual e de género, a ela associada.
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Introduction

One of the major characteristics of Brazilian policies designed to prevent HIV/AIDS has been their component of
Information, Education and Communication (IEC). This component implies, among other things, the production
of educational materials. A substantial expression of this is the widespread production of such materials as a
part of the activities of governmental and non-governmental organizations and programs (MS, 1999). However,
our bibliographical search revealed that only scant attention has been given so far to the use and production of
educational technology for health programs. This indicates that there is a need for theoretical discussions to
support the development and evaluation of these resources. This means that the scopes and the results of the
use of these materials remain largely unknown, both by their producers and their users. According to the
analysis made by the National Coordination of Sexually Transmitted Disease (STD)/AIDS, these materials are
produced, distributed used and/or publicized without an organized and systematic monitoring, be it quantitative,
be it qualitative.

This text proposes to contribute to the advancement of the reflections about educational technologies developed
for health programs. It will do so by presenting a preliminary study about the productions found in the Educational
Materials Collection of the Environmental and Health Education Laboratory (LEAS), linked to the Department of
Biology of the Fundag&o Oswaldo Cruz (Rio de Janeiro, Brazil). It will present a partial overview of the production
of materials about STD/AIDS and associated topics put out during the 1990s. We intend our analysis to establish
interfaces between the fields of education, health, communication and educational technology.

Universe of the investigation

The Educational Materials Collection assembled at LEAS results from an ample inventory of the Brazilian
production of the so-called educational materials about HIV/AIDS, sexuality, reproductive health and the illegal
use of drugs. It pulled together a large variety of publications (books, folders, leaflets, manuals, catalogues,
videos, etc.) put out by governmental and non-governmental organizations. The Collection was conceived to
support the development and evaluation of educational technologies related to those topics, besides aiding in
the access of those resources. It helps professionals linked to education and health assistance to gain easy
access to a wide variety of resources that are usually filed in different institutions, therefore supporting the efforts
of all those engaged in conceiving and planning health programs.

The Collection is linked to several investigative programs undertaken by the team of researchers working at
LEAS concerning the production and evaluation of educational technologies about STD/AIDS and related topics,
and the formation of human resources. It allows the dissemination of scientific knowledge and supports
continuing projects in environmental education and health. It is worth mentioning that the team of researchers at
LEAS has experience in the production of educational games about the prevention of HIV/AIDS, the illegal use
of drugs and scientific information (Rebello et al, 2001). These resources are based on critical evaluations of the
dominant preventive models. They give high priority to interactivity, exchanges of ideas among participants, and
reflections about the topics in debate. Therefore, they incite players to exchange ideas about the social,
economic and symbolic dimensions of the phenomena in the scope of pedagogical practice. Besides producing
these materials, LEAS researchers propose a methodology by which they should be created and have studied
the effects of the use of these games (Schall et al, 1999; Vargas et al, 1999, Rebello et al, 2001).

In order to propose more effective preventive measures, LEAS also develops other complementary lines of
research, such as: analyses of the theoretical foundations and of the repercussions of preventive policies,
associated with the control of the HIV/AIDS epidemic and to sexual and reproductive health; development and
dissemination of educational approaches linked to the topics of STD/AIDS, sexuality, gender relations, human
rights and drugs; research about representations and practices of different social groups (based on a
socio-historical approach and on qualitative methodologies).

Assembling the Collection is a more recent LEAS activity, of which this article is a part. As mentioned, the
Collection pulls together educational resources produced about sexual and reproductive health by many
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governmental and non-governmental organizations (Monteiro et al, 2001). The technical treatment of these
publications (to be described below) allows research about current materials and the formulation of guidelines for
future policies in the area of IEC. .

Methodology

The process of developing the Educational Materials Collection at LEAS was divided into two phases. The first
one was a search for published materials, in order to establish and organize the collection and allow its further
expansion. The research team wrote letters to 45 Brazilian publishing houses and 49 Brazilian NGOs, besides a
large number of government agencies involved in relevant programs. The second phase included the
organization of an electronic data base and the technical treatment of all collected materials. The purpose was to
set up an access system that would allow the quick retrieval of information and easy access to empirical data.

The construction of this data base required four procedures: (1) development of a form allowing detailed
classification according to the following indicators: type of publlcatlon target audience, topics and content; (2)
filing of materials, based on the Filing Code adopted in I|brar|es known as AACR2; (3) |ndexat|on by subject,
using a two-step method of pre-coordinated indexation’ and post-coordinated indexation?; ; (4) the development
of a subject index, a Controlled Vocabulary extracted from the publications themselves, aIIowmg combinations
for searches and the indexation of newly added materials. The technical treatment of the materials implies their -
thematic and descriptive analysis. The thematic analysis is defined by indexation (of major topics and target
audiences) and by classification (according to the nature of the source - leaflet, folder, manual, book, periodical
or thesis). The descriptive analysis includes a physical description of the materials (author, title, publisher,
publication history, place, date and number of pages).

Following these two phases, the Collection was reviewed for the sake of attaining a uniform pattern of
information that would allow the proper delimitation of searches and its adequate expansion. This time the goal
was to incorporate information about the educational resources filed in other collections, such as Rio's Municipal
Health Department, the Documentation Center of the Brazilian Interdisciplinary Association for the Study of Aids
(ABIA, 1998), and the Prisma and Odebrecht catalogues (Barros et al, 1999; Odebrecht, 1994).

In this phase, general and specific topics were unified and the target audiences were adequately defined in order
to allow the adoption of indicators (quantitative and qualitative). These procedures were preceded by the reading
of all materials. The creation of these lists organized by topics and by target audiences demanded a leve! of
detail that adequately described the content of all materials, as explained below.

List of terms used for classification by TOPICS

The methodology allowed the description of each publication according to three terms: a generic term, a specific
term, and a further detailing of the specific term. This allows the inclusion of the largest possible number of
pieces of information about each resource, as shown in Table 1:

' The following categories were used: books (more than 42 pages); leaflets (up to 42 pages); folders (folded
paper) manuals; catalogues; videos; theses; booklets/periodicals and bulletins.
The method for combining terms for the search is established previously.
¥ The method for combining terms is defined when the search is in progress.
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Table 1
Generic Term Specific Term Detailing of the Specific Term
Column 1 Column 2 Column 3
AIDS Accidents Abortion
Citizenship Counseling Adherence to Medication
Drugs Breast feeding Teenager
STD Psychological Aspects Community Agent
Education Religious Aspects Uterus
Youth Economic Aspects Community
Environment Epidemiological Aspects Child

Social Movements

Social Aspects

Physically Handicapped

Health Harassment Development of Materials
Reproductive Health Clinical Assistance Opportunistic Diseases
Sexuality Bio-ethics Physiological Effects
Tuberculosis Cancer Businesses,
Violence Basic Sciences Schools

Technological Development Family

Rights

Flux of Patients

Discrimination

Armed Forces

Domestic Man
History Homosexual
Nutrition Hospital Infection

Policies (directives)

Information

Prevention

Street Children

Rehabilitation

Hispano Leaders

Information Systems

Work place

Breast

Maternity/Paternity

Birth control methods

Medication

Communications Media

Woman

Orphans

Male/Female Preservatives

Sex Professional

Prostate gland

Races

Blood

Solidarity

HIV positive

Training

Vaccine
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List of terms used for the classification by TARGET AUDIENCES

This classification is intended to characterize the different audiences towards which the messages and/or
information conveyed by each educational material are directed. It was achieved with the help of categories
usually found in the materials themselves, particularly those filed in the above-mentioned collections. In addition,
there was a concern about the more precise definition of social groups according to their socio-cultural identities

and to social contexts. Table 2 contains the categories that were adopted:

Table 2
Stage of Life (1) Population Groups (2) Context of Application (3)
Adult Black People Businesses
Child College Student Community Action
Childhood and youth Diabetic Family
Man Drug user Formal Schooling

Senior citizen

Educational Professional

Health Services

Teenager

General Population

IEC in Health/Media

Woman

Health Professional

Informal Schooling

Health worker

Religion

Hemophiliac

Scientific Dissemination/Research

HIV positive

Homosexual

Indigenous population

Inmates

Manager

Office worker

Orphans

Parents

Pharmacist

Pharmacy Owner

Physically Handicapped

Pregnant

Researcher

Sex Professional

Street People

Student

Teacher

Visually impaired

Worker

Results

In this text we focused on the classification of materials presented as folders/leaflets or manuals, according to
the target audience indicators and the most important topics. We found a total of 807 folders/leaflets in which the
most recurrent topics were AIDS (41.0%), STD/AIDS (23.3%) and Reproductive Health (8.5%). In these two
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types of materials, the most common target audiences were the general population (39.4%), teenagers (12.5%)
and women (12.0%), as ascertained by the data in Tables 3.1 and 3.2.

Table 3.1: Classification of materials presented as folders/leaflets according to the Target Audience (Banco
LEAS/Biologia/lOC).

Target Audience Number %
Community Action 1 0,1
Teenager 101 - 12,8
Adult 6 07
Office worker 1 0,1
Child 17 21
Physically Handicapped 3 04
Diabetic 1 0,1
Businesses 2 0,2
Student 2 0,2
Pharmacist 1 0,1
Pregnant 23 29
Man 25 3.1
Homosexual 21 26
Childhood and youth 9 1,1
Woman 97 . 12,0
Parents 6 0,7
Researcher. 3 04
Street People 2 0,2
General Population 318 39,4
Indigenous population 1 0,1
Black People 1 0,1
Educational Professional 25 3.1
Health Professional 33 _ 4,1
Sex Professional 4 0,5
HIV positive 63 ' 7,8
Worker 8 1,0
College Student 5 0,6
Drug user 28 35
Total 807 100,0

Source: Educational Materials Collection at LEAS, 2001.

In relation to the 334 manuals contained in the Collection, the prevalent topics were: AIDS (40.1%), STD/AIDS
(15.9%) and Reproductive Health (11.7%). These materials were directed mostly at health professionals (21.3
%), the general population (19.5%) and teenagers (15.9%). Other indicators, as can be seen from the data
contained in Tables 4.1 and 4.2, were not quite strong:
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Table 3.2: Classification of materials presented as folders/leaflets according to the Topics (Banco

LEAS/Biologia/lOC).

Topics Number %

Aids 331 41,0
Aids - Drugs 11 1,4
Aids - Social Movements 1 0.1
Aids - Prevention 1 0.1
Aids - Reproductive Health 9 1.1
Aids - Sexuality 6 0,7
Citizenship 8 1,0
Drugs 42 52
STD 28 3,5
DST - Reproductive Health 2 0,2
STD/Aids 188. 23,3
STDD/Aids - Tuberculosis 1 0.1
Education 1 0.1
Education - Health 10 1,2
Education - Sexuality 6 0,7
Youth 2 0,2
Youth - Health 2 0,2
Environment 2 0,2
Social Movements 5 0,6
Health 28 3,5
Health - Citizenship 1 0,1
Health - Environment 1 0.1
Reproductive Health 77 9,5
Reproductive Health - Sexuality 2 0,2
Sexuality 29 3,6
Violence 1 1.4
Violence - Sexuality 2 0,2

Total 807 100,0

Source: Educational Materials Collection at LEAS, 2001. .

Table 4.1: Classification of materials presented as manuals according to the Target Audience

(Banco LEAS/Biologia/IOC).

Target Audience Number %
Teenager 53 15,9
Adult 4 1,2
Child 13 3.9
Student 1 0,3

4
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Family 2 0,6
Pregnant 4 1,2
Manager 3 09
Hemophiliac 2 06
Man 1 0,3
Homosexual 5 15
Childhood and youth 8 2,4
Woman 26 ’ 7.8
Parents 4 1,2
Street People 1 0,3
General People 65 19,5
Education Professional 32 9,6
Health Professional 72 : 21,6
Sex Professional . 2 0,6
HIV positive 28 8,4
Worker 3 0,9
Drugs user 5 1,5
Total 334 100,0

Source: Banco de Materiais Educativos do LEAS, 2001.

Table 4.2: Classification of materials presented as manuals according to the Topics (Banco LEAS/Biologia/IOC).

Topics Number ' %
Aids 134 40,1
Aids - Social Movements 2 0,6
Citizenship 7 2,1
Drugs ' 17 5,1
STD 20 6,0
STD/Aids 53 15,9
Education 3 0,9
Education - Health 13 : 3.9
Education - Sexuality 6 1,8
Youth 1 0,3
Health 12 36
Reproductive Health 39 11,7 .
Sexuality 18 54
Health Reproductive - Sexuality 5 1,5
Violence 1 0,3
Violence Domestic 3 0,9
Total 334 100,0

Source: Banco de Materiais Educativos do LEAS, 2001.
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These data about the most important topics and target audiences help pinpoint trends in the production of these
materials. They also allow us to think about the occurrence of voids in preventive education approaches, such as
the need to better integrate concerns about AIDS and reproductive health with health policies and actions.
Furthermore, they indicate the importance of defining target audiences, taking into account the analysis of the

. associated concepts of socio-cultural, sexual and gender identities.

Despite the limitations of the data presented here, our findings converge with the arguments made by Camargo
Jr. (1999) about the problems inherent to the production and use of educational materials in the field of health.
One of his points is that there are many redundant productions, such as different leaflets that deal with the same
matters, because of the lack of research in this field.

Our prellmmary results about the contents of the LEAS Collection also converge with those of a previous
investigation about the use of “educational technology” applied to health programs, particularly those seeking the
prevention of HIV/AIDS. This investigation was based on a bibliographical review about the topic (Monteiro et al
2001). It sought to ask several questions about the so-called educational materials related to STD/AIDS and
associated topics and to pinpoint possible interfaces between the use of these materials (to support pedagogical
actions in health) and the fields of educational technology, education and information. A related goal was to
identify initiatives and voids in this type of production. The search was focused on the data bases available at
BIREME (Medline and LILACS) and at the libraries of ENSP/FIOCRUZ and ECO/UFRJ, besides papers
presented in several conferences.? Publications filed in the LEAS Collection were used as a complement. Other
materials were obtained through personal contacts with researchers of the Nucleus for the Study of Educational
Technology for Health (NUTES/CCS/UFRJ) and from NESA/UERJ. Specifically in relation to the conference
papers, the results indicated that the most intensively targeted segment of the public was that of teenagers,
followed by the general population, health and educational professionals, and women. Lesser targeted
audiences were health agents, cultural agents, juvenile offenders, pregnant women, children and travesties.

It is worth mentioning that the argument about the scarcity of preventive materials that take into account the
specificity of a studied population or group was recurrent. However, this argument was not adequately
supported by data, on account of the lack of a theoretical-methodological basis and of previous literature
searches. Furthermore, there is no explicit statement about the definition of the “specificity of the population or
group”. There is no conceptual discussion about this topic. This same study revealed that there was a
predictable recurrence of the topic of STD/HIV/AIDS and the presence of related topics such as sexuality, sexual
health, and reproductive health. With lower incidence, the topics of gender, health, violence, drugs, religion and
death were recorded. '

Although Barros et al (1999) concluded that there is a lack of integration of certain contents in the approaches
recorded in these materials, such a breadth of subjects can actually be considered positive trait, because of the
importance given to the interfaces between the several components that determine the conditions of vulnerability
to HIV/AIDS. Indeed, the current diversity of situations recorded in the process of expansion of the HIV/AIDS
epidemic begs for the design of more complex preventive models.

Final considerations

If we take into account the significant investments made i |n IEC actions, we can conclude that the analyses about
the quality and impact of these productions remain spotty However, when we examine the annals of recent

4 The following annals were searched: Congresso Brasileiro de Prevengao das DST/AIDS (1997, 1999); II
Congresso Brasileiro de Ciéncias Sociais em Satde (1999); VI Congresso Brasileiro de Satde Coletiva
(2000}, | Férum e Il Conferéncia de Cooperagéo Técnica Horizontal da América Latina e do Caribe em
HIV/Aids e DST (2000); VII Encontro “Perspectivas do Ensino de Biologia”(2000).

® In his study about AIDS, prevention and evaluation, Aradjo (2000) concludes that the references to
educational materials are infrequent, while references to topics such as education and evaluation are frequent.
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conferences, there are many summaries of papers presented about this matter. We should also point out that
this matter is deserving increasing attention, as attested by the inclusion of the topic “Educational Materials” in -
the Annals of of the |l Brazilian Conference on the Prevention of STDs/AIDS. It still remains to be determined,
however, if and how these papers have contributed to the discussions about the use of educational technologies
applied to health programs. In this context, this analysis of the LEAS Collection, even though preliminary, is a
contribution to the enhancement of the visibility of the categories, topics and target audiences of Brazilian
publications on sexual and reproductive health put out during the 1990s. We argue that evaluations such as this
one allow the identification of the predominant topics, pinpoint the existence of voids in the approaches of

" preventive education, besides contributing to the discussions about the need for an integrated approach of
health actions in relation to prevention/assistance and AIDS/reproductive health.
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COMPETENCE OF IN-SERVICE SCIENCE SUBJECT TEACHERS
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Abstract

The paper presents the results of research on the professional competence of science teachers in elementary
school as well as biology and chemistry teachers in junior high school in the area of the integration of science
contents in an interdisciplinary character. 90 teachers participated in the research. The results of the studies
were taken into consideration in the preparation and modification of postgraduate studies curriculum for science
subject teachers organized by Maria Curie-Sklodowska University in Lublin. Also presented is a model of
science teachers training which focuses on shaping their interdisciplinary skills. This is in connection with the
organization of the educational process involving the problem of so-called science cross-curricular paths, which
is a new educational form introduced into Polish schools in 1999. This curriculum was rewarded three times and
supported by the Ministry of National Education (in the form of grants).

Background and Framework

One of the important and necessary elements of contemporary school is integrated, interdisciplinary teaching. Its
main advantages are its effects on constructing a coherent vision of the world in students' minds. This favors
improvement of so-called universal skills in students, which helps them to be better prepared for life. It integrates
school with the local environment which, in turn, helps to meet students’ educational needs (Driver et al. 1985,
Hillock 1990).

Lately the problem of interdisciplinary education has become the priority in Polish education. In elementary
schools, the subject teaching of science courses (i.e. biology, chemistry, geography and physics) has been given
up. Instead, one subject-science has been introduced which is taught mainly by former teachers of biology or
geography, but seldom physics or chemistry. Moreover, new forms of education, so-called “educational
cross-curricular paths”, were introduced into the curricula of elementary and junior high schools (and in the future
will also be introduced into senior high schools). At every level of education there are three paths of science
character: ecological, regional, and health. The curriculum of “educational cross-curricular paths” involves the
contents, which cannot be included only in one subject. They should be dealt with mainly (but not only) by
teachers of individual science subjects. The above changes in the educational system made it necessary to
reconsider the professional profile of contemporary science education teachers, to determine their needs for
professional qualification improvement. It also made it necessary to prepare training forms to enable their
passing from narrow subject specialization to broader interdisciplinary arrangements. Comprehensive
understanding of the world will be a problem for students as long as teachers have difficulties with it (Malcolm
1992). The greatest need for training exists in the case of science teachers who constitute the largest group of
postgraduate students, course and interdisciplinary workshop participants in Poland. However, a regular
increase is found in the number of teachers of other science subjects undertaking professional training. Training
programs for teachers include not only subject courses, but also the forms aiming at improving teachers’
competence in solving problems connected with planning and organizing interdisciplinary activities as well as
improving their skills for collaborating with teachers of different school subjects within so called cross-curricular
teachers’ group.
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Problems, Method and Samples

Are science subject teachers sufficiently competent and well prepared to accomplish interdisciplinary
problems at school? Preliminary and general data bearing on the above question were provided by the results
of a questionnaire given to science teachers in elementary school (30 persons) as well as biology teachers
(30 persons) and chemistry teachers (30 persons) in junior high school. The sample of teachers for
investigation was selected randomly by drawing lots in the individual groups of science, biology and chemistry
teachers who were postgraduate students in science, biology and chemistry at the Maria Curie-Sklodowska
University in 2000/2001.

The study focused on the following problems:

» Whatis the teachers’ evaluation of their own competence necessary for effective teaching the problems of
cross-curricular, interdisciplinary character? ,
 What aim-achieving procedures (i.e. methods and teaching aids) are preferred and how do they use the local

environment in teaching these problems?

The questionnaire used in the studies included six categorized questions. In the first three questions the
teachers were asked to rate on a scale from 1 (the lowest grade) to 5 (the highest grade) their preparation for
the integration of the teaching contents of interdisciplinary character (first question), their choice of teaching
methods (second question) and their teaching aids (third question) in the course of dealing with these
problems during the lessons. The fourth question listed fourteen methods used during the lesson and the fifth
one fourteen teaching aids. The respondents were asked to underline five methods and five kinds of teaching
aids that they most frequently applied during lessons dealing with problems of interdisciplinary character. In
the sixth question the teachers were asked to provide information about how often they make use of the local
environment potential in science education: very often, often, seldom, occasionally, or never. Research tools
were verified with respect to their applicability in the group of 90 science teachers from another university
(postgraduate students).

Results

The results of the teachers’ self-evaluations concerning their competence to effectively teach science
contents of an interdisciplinary character are presented in Table 1. Science and chemistry teachers
evaluate highly their abilities in the area of science education contents integration. The predominant grades
(or scores) given by these teachers are 4 and 5, which constitute 90% for science teachers and 83.3% for
chemistry teachers. The grade of 3 was the evaluation of only a small group, and this was the lowest grade
given by the teachers of these two subjects. The grades that biology teachers gave are much more
variable. No fewer than 46.7 % are grades below 4. Similar results were obtained as far as abilities of
teaching methods choices are concerned. A third of the biology teachers gave very low evaluations of their
competence (1 and 2) whereas 10% of chemistry teachers and only 3.3% of science teachers are of similar
opinion about their being professional. Grades at the levels of “very good” and “good” constitute over 80%
in the group of biologists and not much less in the group of chemists. All science teachers (100%) are
convinced about their abilities concerning the effective use of teaching aids in the process of teaching
interdisciplinary problems (they gave grades of only 4 and 5). Positive evaluations ware also given by
chemistry teachers; only 16.7% of them evaluated that their abilities were at the grade of 3 (the lowest
grade in this group of teachers).
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Competence Skills of integrating | Skills of ghoosing Skills of choosing
contents from and making use of d maki f
P ious fields of effective teaching and making use o
Self-evaluation : grades 1-5 various fields teaching aids
science subject methods
1 0.0 0.0 0.0
.2 0.0 33 0.0

Teachers of 3 10.0 13.4 0.0
science (%)

4 60.0 63.3 56.7

5 30.0 20.0 43.3

1 13.3 20.0 6.7

2 16.7 13.3 6.7
Teachers of
biology (%) 3 ‘ 16.7 36.7 20.0

4 43.3 20.0 40.0

5 10.0 10.0 26.7

1 0.0 33 0.0

2 0.0 6.7 0.0
Teachers of
chemistry (%) 3 16.7 134 16.7

4 40.0 53.3 60.0

5 43.3 233 233

Table 1. Level of professional competence of teachers: self — evaluation

Again biology teachers gave the lowest grades. Table 2 lists the five teaching methods and the five teaching aids
most highly favored by the teachers taking part in the questionnaire concerning interdisciplinary education of
science subjects. The results indicate great differences among the groups of teachers compared.

223

0257211



PROCEEDINGS OF 10" IOSTE SYMPOSIUM — July 28 - August 2, 2002 - Foz do Iguagu, Parand, Brazil

Teaching method Tea;,hers Kind of teaching aids Tea;’hers
Student's paper 63. 3 Specimens 53.3
Description 60.0 Large-scale illustrations 50.0
Teachers of science Work with the book 53.3 TV broadcast 43.3
Lecture 53.3 Photographs and pictures 40.0
Discussion 43.3 Films and transparencies 40. 0 each
Discussion 66.7 Specimens 76.7
Lecture 63.4 Transparences 40.0
Teachers of biology Project 60.0 Films 36.7
Seminar 53.3 Experimental sets 36.7
Experiment 53.3 Large-scale illustrations 33.3
Lecture 43.3 Photographs and pictures 60.0
Student's paper 43.3 Models 46.7
Teachers of chemistry Project 40.0 Reading matter and journals 46.7
Case study 40.0 Large-scale illustrations 43.3
Chatty lecture 40. 0 Transparencies, specimens and 36. 7 each

TV and TV broadcast

Table 2. Teaching methods and teaching aids favored by teachers.

The method included in the group of five methods most frequently used is the “lecture”. The “lecture” method is
most frequently used by biology teachers (63.4%) and most rarely by chemistry teachers (43.3%). As for science
teachers every second teacher being polled prefers it. Chemistry teachers proved to be the most variable group
with regard to the choice of methods (none obtained 50%). Of five methods preferred by them each is recognized
in a similar way (40% - 43.3%). Only in the group of chemistry teachers did such methods as “case study”, “project”
and “chatty lecture” appear in the lists of the top most used five methods. As for science teachers, the differences
between the most popular method (student's paper) and that in the fifth position (discussion) is 20% and in the
group of biology teachers 13.4% (discussion 66.7%, seminar and experiment 53.3% each). The “project” method is
as valued among biology teachers as the description method is among science teachers (60% each). Preferences
for seminar and experiment in the group of biology teachers are the same as for work with the book and lecture
chosen by science teachers (53.3% each). “Discussion” was chosen by biology teachers (in the first position) and
by science teachers (the most rare of the five methods listed in the table). The former group used it during the
lessons (23.4% of teachers). A similar difference in preferences refers to the method — “student’s paper” which is in
the first position in the group of science teachers (it was chosen by 63.3% of teachers) but in the chemistry group it
was recognized by a 20% smaller group (43.3% of teachers).

Though “specimens” is found in the first position among teaching aids chosen by science and biology
teachers, the latter are by 23.4% more than the former (chemists- 36.7%). Of similar importance for the former
are “large-scale illustrations” mentioned by half of them. “Photographs and figures” essential in teaching
chemistry (60%) are accepted by 20% smaller group of science teachers. The same number of chemistry
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teachers uses “models” as well as “reading matter and journals” and only by 3.4% smaller group appreciates
educational value of large-scale illustrations (all in the range 40-50%). “Large-scale illustrations” are among
the five educational aids preferred by the respondents in the three groups but the most numerous group are
science teachers (50%), then chemistry teachers (43.3%) and biology teachers (33.3%). The largest number
of teaching aids is that chosen by 40-50% teachers. “Transparences” are approved by almost the same
number of respondents in each group. A similar relation concerns the “films” chosen by biology and science
teachers (36.7% and 40%, respectively). “Experimental sets” are found among the five mostly frequently used
aids only in the group of biology teachers (36.7% but 16.6% more people reported “experiment” as the

teaching method).

Educational possibilities of the local environment are also used to a different extent during realization of
interdisciplinary contents of education (Table 3), the most frequently by science teachers, less frequently by
biology teachers and the least frequently by chemistry teachers.

Frequency Very often Often Rarely Occasionally Never
Teachers of science (%) 33 50.0 33.3 6.7 6.7
Teachers of biology (%) 6.7 233 50.0 13.3 6.7
Teachers of chemistry (%) 3.3 16.7 16.7 13.7 50.0

Table 3. Making use of local environment in the process of science knowledge integration by teachers

Conclusion

Much greater range studies are necessary to determine competence of teachers for realization of
interdisciplinary contents during lessons. The presented studies provide preliminary but essential information
about self-evaluation and competence as well as methods used by science, biology and chemistry teachers. The
obtained data were used for establishing further scientific research in this field and for preparation research tools
for the successive stage using the method of observation. The direct observation of the teachers during teaching
process will provide detailed data about frequency of applying definite methods and teaching aids which will
make it possible to determine correctness of their choice and application by teachers in work with pupils and to
draw suitable conclusions. The studies were carried out in the school year 2002/2003 and their results will be
used for modernization of postgraduate studies curricula whose aim is improvement of competence of science
subject teachers.

The model of forming teaching skills of science teachers in integration of science knowledge taught in the
studies of this type at M.Curie-Sklodowska University is given below. The curriculum of the postgraduate studies
was awarded and supported by Ministry of National Education (Samonek-Miciuk 2000).

Science Knowledge Integration: A Model of In-Service Science-Teachers Training
Teachers get familiar with the problems of science knowledge integration and improve their professional skills
during realization of the tasks included in the successive stages of the educational process.

1. Familiarizing the teachers with science education models (i.e. interdisciplinary and multidisciplinary models);
drawing attention to the interdisciplinary character of science contents included in science curricula and
handbooks (Deren 1999).

Educational tasks: analysis of curriculum contents, establishing interdisciplinary problems, working out the
three-dimensional model of teaching contents and taking into account the connections between educational
aims, contents of teaching material and requirements from pupils.
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The work of teachers include such notions as water, energy, weather and substances in everyday life etc. The
contents are analyzed witl respect to the possible realization of accepted aims, consistency, arrangement,
attractiveness for the pupils, maintaining the rule from the concrete to the abstract idea as well as the
possibility of forming key skills like planning, organizing and estimating learning; effective communication in
different situations; effective collaboration in the group and problem solving in a creative way (arranging
activities and favorable situations for their formation). Teachers prepare substantial commentaries including
lists of problems and skills connected with introducing a given curriculum notion as well as methodical
commentaries including suggestions for methods, forms of work and teaching aids. Based on this, the optimal
educational style is worked out.

2. Integration of science contents within the “cross-curricular paths”™: ecological path, health path.
A. Getting acquainted with the rules of constructing educational “cross-curricular paths” (Deren 1999).

Educational tasks: discussion of examples of science knowledge integration focused on structure-creating
problems, concepts as well as skills, assigning objectives, contents and tasks connecting the integrated subject
“science” with educational tracks.

B. Method of the project and its role in the cross-curricular integration.

Educational tasks: preparation of the educational project for realization within the “cross-curricular path”
including a list of teaching contents and formed skills, instructions for the project realization with suggestions
about educational solutions, and tasks for pupils, as well as ways of project presentation and evaluation.

3. Field activities and integration of science problems '
A. Discussion of educational qualities and methods of field activities carried out in the closest school
surrounding, local environment and in the areas of special natural quality region
B. Determination of the educational possibilities of the local environment in the background of region in
the field of general natural and ecological education:

* making use of methodical works including, for example, a series of methodical publications “green
lessons at school and in the nursery schools” prepared in the Department of Biology Education M.
Curie-Sklodowska University

* educational tracks in the region for school youths

* curricula and methodical books for ecological education in the field (Samonek-Miciuk, Gajus-Lankamer
1998, Samonek-Miciuk 1999)

Educational tasks: review of methodical literature

A. Participation by students in the field activities at the Bystrzyca River and in the Botanical Garden
M.C.S. University (substantial and methodical character of activities)
Educational tasks: natural observations; planning the ways for realization of various natural problems included in
the curriculum base; working out the plan of field activities in natural education including a list of trained pupils’
competencies, styles of educational work, kinds of activities and tasks for pupils, teaching aids, project of work
card as well suggested ways for evaluation of educational effects

B. Participation of teachers in the field biological-geographical activities in Natural Roztocze Park and
Kazimierz Landscape Park

These activities are of substantial character. They supplement natural knowledge and help demonstrate connections
and natural relations between phenomena and processes in the environment (i.e. a holistic vision of nature).

The presented model of professional training of science teachers contributes to the formation and improvement
of their competence in the field (Samonek-Miciuk 2001):
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+ planning and designing observatlonal tasks, natural experiments and measurements to be used in the field
activities

+ preparation of science education curricula in an interdisciplinary formulation

+ determination of objectives for natural and environmental-contents teaching

» selection of curriculum contents possible for realization during field activities and a list of tasks connected
with teachers’ and pupils’ preparation for these types of activities

+ designing work cards for pupils

« making use of methodical publications as well as planning one’s own suggestions for educational tracks in
the local environment and closest school surroundings.

« planning and organizing activities for pupils in the field of environmental protection
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Abstract

The study reported here is part of a major project with the aim to investigate the interplay of pedagogical and
science related issues in teachers’ reconstructions and interpretations of physics classroom activities. This paper
reports on one of the most interesting case studies of the project. Data collection, analysis and interpretations of
this study have been carried out within an interpretative constructivist approach - a naturalistic approach (Lincoln
& Guba, 1985).

This paper describes a case study of a second-year middle school physics teacher's’ conceptions about: (a)
learning and teaching science (physics), (b) the goals of science (physics) teaching, and (c) the nature of
science (physics). It was found that this teacher's mode! of pedagogy (Zimmermann, 2000) for physics teaching
is structured by the interaction of a kuhnian model of the nature of science (Zylbersztjn 1991) and a constructivist

" model of learning (Duit, 1994). The Framework of Koulaidis and Ogborn (1988) was used to investigate his
model of the nature of science wh|Ie Zimmermann's (1997) framework was used to examine his model of how
children learn science."

Data analysis shows how this teacher has developed his pedagogical content knowledge (Shulman, 1987) and
how he has accommodated this knowledge within the school’s constraints. It is suggested that, usually,
reflections on the structure of the discipline are not part of a teacher’s planning and do not influence a teacher's
instruction. However, this teacher, explicitly or implicitly, plans and makes decisions considering the nature of
science. The contextualist model of science (Zimmermann, 1997) of the teacher parallels his knowledge of how
learning takes place, and his awareness of how to think about teaching.

Considering the professional development of this teacher, this study suggests that reflection about learning and
teaching as well as considering the nature of the subject, would be a precondition for pedagogical reorientation.

Introduction

What do teachers need to know? - Co

Where do teachers' explanations come from? How do teachers decide what to teach, how to
represent it, how to question students about it, and how to deal wrth problems of
misunderstanding? (Shulman, 1986) :

Questions, such as the above, have started a research -agenda that examines teachers’ work in order to identify
and characterise “a knowledge base for teachlng ‘ulman 1986). On that account, in-depth case studies have
been carried out to provide an overview of “the sou s__of that knowledge base” and “to explore the processes of
pedagogical reasoning and action within which slich teacher knowledge is used” (Shulman, 1987, p.5).
Zimmermann (2000), after analysing a range of uch case studies, suggests that a teacher sticks to a model of
pedagogy which is structured by at least three’ mteractmg models: a model of science (an ‘epistemological
model' - what exists and can be known); a model of learning (how it can be known); and a model of teaching
(how it can be made known). It means that a particular approach to teaching science not only depends on the

' Fernando, is a fictional name of the subject of this case study. This change was made to protect his
anonymity.
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teachers’ understanding of how children learn science, but also on their understanding of how scientific
knowledge is generated. Different epistemological models generate different views of the learning process,
which in turn yield different approaches to teaching (Swift, 1982). Thus, there is a relationship between teachers’
models of the nature of science and their models of learning.

Research shows a range of teacher's models of the nature of science. Much of this research has suggested that
teachers' own models of science influence and shape their teaching (Brickhouse, 1991). However, Koulaidis and
Ogborn (1995), in a review of the body of research on science teachers’ views about the nature of science,
criticise the conceptual foundations of such studies. They argue for the need to make explicit the philosophical
position employed to elicit science teachers’ models of science. The authors further suggest that the explicit
positions adopted by teachers include an inductivist, a hypothetico-deductivist, a contextualist, and a relativist
model of science. In earlier work, Koulaidis and Ogborn (1988) proposed that the distinctions delineating each
model should be based upon “the issues of unity of scientific method, criteria of demarcation, patterns of
scientific change and status of scientific knowledge" (p. 497). Finally, they advise that one must be aware that
there is not necessarily a clear relationship between teachers’ models of science and their classroom practice.

Models of Science in the Philosophy of Science — the Koulaidis & Ogborn framework

Conducting research concerning teachers’ models of science seems to imply that there is an accepted model,
which is to be compared with teachers’ models. This is not the case, for even among philosophers of science
there is no consensus about the nature of science, a range of different models of science being adopted.
Contemporary philosophers of science have been inclined to emphasise the variety of scientific practices in use.
This, far from producing a consensus, has enlarged our views of the nature of science. The work of Koulaidis
and Ogborn (1988, 1995) has delineated the major philosophical models of science. It is.enough, for the
purposes of this paper, to outline these models in the way suggested by them. It should be realised that, in the
attempt to dismember the main models of philosophical thought into dimensions (see table 1), a distortion of
these positions has probably taken place. However, this is a way of helping one to recognise the main
characteristics of each stream.

According to an inductivist model (see table 1), scientific activity follows a rigorous stepwise sequence that starts
with observation. Scientists formulate their theories from particular facts, recognising regularities in them, and so
inducing general laws from those observed regularities. Later sets of observations contribute to the corroboration
of these laws. The criteria of demarcation between science and non-science are related to the truth of scientific
theories. Scientific knowledge is an accumulated body of proven knowledge and thus is the truth about the
behaviour of nature. Science gives us an objective account of nature in which opinions and speculations have no
place.

By contrast, the hypothetico-deductivist (table 1) model denies that science starts with observation and proposes
that it starts at the point of the problem. Unlike the inductivist, the hypothetico-deductivist scientist always makes
observations within the context of the language of some theory. For him/her, observations are fallible, as are the
theories behind them. Theories are constructed as speculative and tentative - they are guesses. Theories that
fail to predict observation and experiments are falsified and so are replaced by new conjectures (theories). Thus,
scientific method starts with theories that guide observations and experiments, which may in turn falsify the
theory. The better the theory the more open to falsification it is. In other words, the hypothetico-deductivist
scientist sees science as a set of tentatively proposed hypotheses that must be open to falsification. For such a
person, science is a rational activity that aims to bring knowledge nearer to the truth. Scnence is an objective
account of nature and progresses by trial and error.

There are two established models for a contextualist scientist to choose between, both drawn from Kuhn's work.
Within the first, there are many methods that are agreed upon within the scientific community (i.e. a consensus
exists). The criterion for demarcation between science and non-science is said to be rational. The main
characteristic of this model is the view of scientific progress. Such contextualists assert that, over a period of
time, there is a steady growth of mutually compatible knowledge (normal science) interspersed by periods of
incompatibility (revolutionary science). The second contextualist model maintains that there is no rational
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criterion for demarcation between science and non-science. Instead, there are internal rules intrinsic to the
knowledge involved. The growth of knowledge is through the acquisition of incompatible elements, discontinuous
in structure, such that no linear progress of science can be seen. Both models however see science as a
systematic pattern of thought.

Finally, the relativist position can be seen as an extreme version of.contextualism (Koulaidis & Ogborn, 1995). Its

main characteristic is the view that there are no rational criteria for demarcation between science and

non-science: science is not a special form of knowledge, but rather one ideology amongst others. Science does

not progress - it moves on to a different theory, not a better one. People, within a given time and context, simply
 prefer one theory to another.

Methodology

The study reported here is a case study. Data collection, analysis and interpretations have been carried out
within an interpretative constructivist approach (Lincoln & Guba, 1985). Purposive sampling (Lincoln & Guba,
1985) was made on the basis of teachers’ different views, and only a single teacher was asked to participate.
The selected teacher, who we refer to as Fernando, was interviewed twice, for two hours in each audio-taped
interview. His classroom was observed for three months, and informal interviews (called on-the-spot interviews)
were made prior to, or sometimes after, selected lessons. We also collected curriculum policies, school
documents, textbooks, tests, worksheets and similar materials. Fernando was given copies of the interview
transcriptions and asked to check, comment and modify them, as he felt appropriate. The analysis of the
interviews involved reading the verbatim transcripts to develop a system of categories based on his viewpoints.

Literature suggests that teachers use metaphors, either in conscious or unconscious ways, to describe their
roles. These metaphors are good indicators of their conceptualisations of teaching (Briscoe, 1991; Munby,
1986). Hence, a search for metaphors used in the interviews, that could account for the teachers’ views, was
carried out. Analysis of the interviews was also used as a basis for generating questions that could be answered
from the classroom observations. Data from the interviews were examined for possible differences between the
teacher's described perceptions and those that might be inferred from classroom observation. Questions about
his aims and perceptions emerged from the interviews. Classroom observations served to explore contradictory
data and to expand or restrict categories.

Fernando’s Formative History

Fernando, the subject of this case study, is 33 years old. He has a background of employment that includes
working as an electrician and as a primary and secondary science teacher. After completing his physics
education degree, Fernando continued to work as an electrician and as a teacher, which totalled 60 working
hours per week. As a teacher, he has five years of experience at various grade levels. In his first year of
teaching, he taught science at the primary level as well as physics at secondary level. Then from his second
year on, he only taught physics at secondary schools. During the study, Fernando was teaching physics to
Terms 3 and 4 (Grade 10), in which he was going to cover thermometry, thermodynamics, hydrostatics,
hydrodynamics, and acoustics.

The most predominant theme about his teacher education is that he finished it lacking content knowledge. He
points out that, due to this lack of content knowledge, he had difficulties in introducing modern physics at the
secondary school level. '

| believe that even the future teacher of physics should have the same knowledge as the future
physics researcher. (...) You see, we work with classical mechanics, optics, and thermodynamics
and we only ‘scratch’ a little bit the discussion that involves modern physics. In fact, to give a
qualitative jump in the discussion of thermodynamics for instance, you should enter modern
physics. You should enter statistical mechanics, kinetic theory of gases and the structure of
matter. However, when you got there, you escape - you avoid it. So, this, perhaps, shows that
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our teacher education was lacking. The fact that we are not able to ‘transport’ it to our secondary
classroom indicates that something was wrong with our course. This, perhaps, shows that my
knowledge is deficient, since it is difficult for me to make the necessary bridges in my classroom.

Fernando shows that the depth in which he explores any content in his classroom is dependent upon his content
knowledge. Thus, he recognises that he should have had more content knowledge during his physics education
course, knowledge that would help him to make links which students can follow. Further, he points out that
teachers who have a lack of subject matter knowledge do not feel comfortable in doing experiments, or in
undertaking a qualitative discussion of the concepts, or even discussing the history of science. He has also
developed an appreciation of the difficulty of transforming and representing physics knowledge in such a way
that his secondary students can grasp it (Shulman, 1986). According to him, he lacks accessible language to
discuss physics ideas in a simple manner.

We are not able to discuss the same principles and concepts without using mathematics, without
‘mathematising’. We should have had more discussions of the physics ideas. My course should
have enabled me with language, a more accessible language, without, of course, putting the
formalism aside. For instance, in quantum mechanics they taught us all its formalism (as they
should have), but, unfortunately, the conceptual parts of it, the ideas behind and beyond it, were
given less weight.

It is not a surprise that Fernando is complimentary about his degree’s courses in sociology, psychology and
pedagogy.

From everything I've learnt in my degree ... er ... what | most use in classroom today is ... is my
knowledge in the humanities field, mainly sociology, pedagogy, psychology, and the like.

However, he complained about the ‘small discussion spaces’ given to it. He pointed out that he acquired a great
deal of knowledge in these areas, but only in informal forums at the university and at educational meetings he
attended. He acknowledged that during his undergraduate courses he learned the basics of pedagogy. However,
he commented on the unrealistic mode! of the classroom he had been given. He claimed that this model gave
him an incomplete account of the problems that may occur in a real classroom.

In our degree we were trained as if we were going to teach in an ideal classroom, as if we were
going to have an ideal group of students, and so as if there were no problems to be dealt with.
Well, then when you go into the classroom it is chaos.

It is important to mention Fernando’s opinion about the study of the philosophy of science he undertook during
his teacher education.

. Today | understand that the fact that we were going to be physics teachers presupposes that we
should have been prepared for the classroom. However, this wasn’t happening. The emphasis
was more on the way “you should study the history and the philosophy of science to know it
deeply” and they did not say that this knowledge could help us to improve our secondary
teaching. They did not say that it could be good to give a historical and philosophical focus in our
classrooms. (...) They did not say that it would be productive to give a historical context of the
concepts being studied.

He values the knowledge he acquired in informal forums. It appears that over the years he has consistently
sought information that can help his teaching practice by participating in meetings and by reading whenever he
can. Each new piece of information is critically evaluated and integrated into his existing knowledge. It is clear
that from the start Fernando could be said to have been preparing himself for his teaching career. As he says,
from the time he left his work as an electrician he “began to make strong links between education and
experiences and between education and life”.
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Fernando’s Model of Science

Fernando’s understandings of scientific activity can be seen to fall within a contextualist model of science
(compare table 1 and 2). Fernando describes science as a human activity that systematically organises thought
and observation. He suggests that science employs several methodologies, which are a consensus within the
specific scientific community that works within agreed paradigms.

Thié shows that science is historically determined, and today ... er ... the major part of it is done
co-operatively and done by large teams, which work within determined paradigms.

Fernando believes that scientists are gu'ided by theories and says that some theories and principles are
internalised (*embodied”) in the scientists minds in such a way that, even in face of contradictory observations,
they are unable to give them up.

Thus, we see things like the neutrino discovery in which the guy only ends up with its discovery
because of not giving up the principle of conservation of energy. The experiment has given a
difference in the energy. The scientist thought: “Has it given a gap? Well, shall we see what we
can do”. For him, the starting point was that energy should always be conserved. Thus, at the
moment that he observed this gap he invented a particle, the neutrino. Why? - To fit and maintain
the principle.

For Fernando, the Heisenberg's uncertainty principle came to show the impossibility of scientific objectivity.

Another main example is the understanding of the object-subject relationship of research that,
with the development of quantum physics, made a very significant rupture with determinism.

Fernando suggests that there are numerous 'styles’ for attempting to know nature. Yet, for him, the only constant
in this process is the need to align one’s ideas with reality. From Fernando’s standpoint, reality is constructed
through the construction of thought.

So, for me, reality is in all the stimuli that we receive through our senses (our perceptions), and
you try to reflect upon them. When you return to this ... er to this same nature with your
reflections to capture elements of connection, then you have a ‘thought reality’. Thus, when |

- Speak about reality, I'm thinking about this thought reality, which still has the sense elements, but
it also has the elements of our reflections and experiences.

He conceptualises two distinct realities, reality per se and reality in thought. He remarks that “reality is always
present in our knowledge since it interacts with our constructions - you cannot only construct at your will". For
Fernando, the progress of science is socially and historically determined. Scientific progress is made upon
changes, ‘ruptures’ in his words, with prior knowledge. He says that after a rupture the scientists change an

. entire world view - they change, he says, “their philosophy”.

Fernando’s Models of Pedagogy

Literature not only proposes that the teaching of science is influenced by teachers’ models of science, but also is
influenced by their models of learning science (Aguirre & Haggerty, 1995; Gustafson, & Rowell, 1995). Once
Fernando’s model of science was discussed, the focus is now on his models of learning, teaching and his
classroom practice, in an attempt to find out the way his model of science may or may not influence his
understanding of learning and his teaching practice.

Because of this experience, Fernando believes that it is useless when students spend a great deal of time
solving algorithmic problems. He defends that there is no point in having his students becoming experts at using
the appropriate exact formula and “running after the correct answer”, but he thinks that students need to know
the conceptions that underpin a physics problem.
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Fernando is a visionary thinker. He sees science as dynamically changing into the future.

As technology is developed, it enlarges our senses (for instance the Hubble's telescope), and so
you can have a more extended view of the universe. Today, you can “see” [He signs inverted
comas with the hands] things that, in the olden days, you couldn’t. All this new data can question
the standard model for instance or ... er ... the theory of the big bang. From this you can have a
new ... you can have a new space to work.

In the same way, he also sees his students’ knowledge as dynamically changing. One major theme in his
accounts of his teaching involves “opening spaces for classroom dialogue” so that students can have “a more
extended view of the world” (like the Hubble's telescope). Fernando sees that his job as a teacher is ‘to open up
spaces’ so that students are able to “bridge their knowledge”, as he says “to see applicabilities or to make
predictions and connections”. He understands that by “opening discussion spaces” students are more able to
“see the landscape”, and seeing it means to contend with life’s difficulties in a more informed way. Education,
experience and life are intertwined in Fernando's way of thinking. Consequently, his metaphor “open spaces” is
valid for science and for science education. Once the spaces are open the students are able to see the
obstacles that are obstructing their learning. Fernando sees that the landscape is full of obstacles (barriers) that
need to be crossed in order to open.up other perspectives. In other words, the objective of crossing a barrier is
to reach a new “space” to keep "moving forward”. When an obstacle is perceived, Fernando's job is to support
his students to overcome it by means of “building bridges” or “jumping” or “flying”. When he talks about
overcoming barriers, Fernando uses predominately the metaphor “to make a bridge”. When a barrier is met, his
main work is to build a bridge so that students can cross it. However, less frequently, he gives guidance so that
students can build bridges (or jump, or fly over the barriers) for themselves. Jumping over a barrier has the
connotation of enhancing one’s knowledge in quality and not in quantity. The most advanced way of overcoming
a barrier is by flying. Thus, from those metaphors it was inferred that he sees himself as a ‘pioneering guide’.

The metaphors Fernando employs to conceptualise teaching and learning are very congruent with his model of
science. His teaching process is undertaken in two distinct stages. In the first stage, he ‘opens discussion
spaces’. He wants his students to act as ‘revolutionary scientists’ in the same way as Kuhn's revolutionary
scientists behave (raising ‘anomalies’). Fernando understands that learning science is a kind of struggle between
common-sense ideas and scientific ideas. Thus, he promotes discussions that go on until students realise
problems (anomalies) with their existing knowledge. Once those are recognised, he takes on his ‘pioneering
guide’ role. To some extent, at this time he acts as “the revolutionary scientist” himself by presenting the
scientifically accepted concept to his students. In other words, he helps his students to build the bridges to cross
‘epistemological obstacles’ (Bachelard, 1977; Tiles, 1984). In the educational literature the above process is .
called ‘conceptual revolution stage’ (Zylbersztjn, 1991, p. 58). The next step in Fernando’s teaching can be
compared to the times of ‘normal science’ (Kuhn, 1970). It is in this stage that, in Fernando words, “students
move forward articulating their conceptions and making connections”.

In short, our classroom observation has corroborated that Fernando employs a conceptual change model of
teaching (conceptual revolution). He understands that students bring their own conceptions to the classroom and
that those can be at odds with the scientific conceptions. In this case, they need to change these ideas and his
task is to guide them. ' :

Discussion

Fernando's school experiences, of solving quantitative physics problems by means of “running after the correct
solution”, taught him that he has not learned physics through such an approach. As he declares, he was good at
solving quantitative problems, but without understanding the physics concepts that underlay in these problems. By
attending several informal in-service courses, he came to understand that leaming is a process of changing old
knowledge and/or fitting new knowledge into an existing framework. He also came to understand that scientific
knowledge is a tentative endeavour and that because of this there is nothing such as “the correct approach”.
Viewing science as a tentative endeavour has strengthened his view of learning as conceptual change.
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Indeed, Fernando’s teacher education courses had a very different substance from those taken by the other
teachers we met at his school. During his years of study he started to take a strong interest in human problems.

I entered university to do electrical engineering because my secondary school course was in
electricity. | was an electrician. So, it was quite reasonable that | would enter university to do
electrical engineering.(...) After two and a half years of doing it, | realised that very little was being
added to my knowledge as an electrician. So, | was not very happy. (...) Also, my involvement
with the university life, on the other hand, pushed me into the humanities. So, the discovery of
the human areas, and the understanding that the engineering course was not being useful,
caused me to choose a new option. So, where could | go from where | was? | was already
involved in the exact sciences. So, what were the options? The options were in the educational
areas; in the exact sciences. So, | thought about physics because it was the nearest science to
my background. (...) So, this shift was a landmark, it represented my life style option.

This may explain Fernando’s enthusiastic way of teaching - a teacher who emphasises the necessity of
discussing human problems, and who encourages his students to be involved in a variety of activities that
involve such issues.

Also, during his teacher education, he was introduced to several theories of learning and to the history and
philosophy of science. However, he declares that his views are not a reflection of these courses, but are rather
derived from the informal learning forums in which he attended. Finally, it might be said that a big difference
between Fernando and other Brazilian teachers lies, perhaps, in the differences in their background content
knowledge in physics. Despite claiming that he lacks content knowledge, Fernando knows physics! He says that
the depth in which he explores any content in his classroom is dependent upon his content knowledge. But, as
commented above, he recognises that he should have had more content knowledge during his physics
education degree, knowledge that would help him to make links which students can follow.

Apparently, his idea that both science learning and doing science are similarly tentative endeavours guides his
classroom behaviour. During the interviews it was noticeable that he only defined teaching after having made |
clear what learning means, because, for him, the way of teaching will be dependent on the way one learns. It is
clear that for Fernando it is not the concept of teaching itself, but rather the concept of learning that is pivotal for
teaching. Moreover, Fernando claims that the concept of teaching is inseparable from the concept of learning.
Literature exists which demonstrates that rather than having a causal dependence, the concept of teaching has
an “ontological dependence” on the concept of learning (Fenstermacher, 1986). That is, for Fenstermacher, as
for Fernando, the meaning of teaching rests upon the existence of learning.

Another point to be made is that the basis of Fernando’s understanding of learning seems to rest upon the way
he perceives the content of science; he sees it as tentative. Taking into account the nature of science, Fernando
understands learning science as a tentative endeavour. Consistently, he engages his students in producing
answers to questions (problems), rather than just presenting what is maintained to be true.

Classroom observation has corroborated the analysis of Fernando’s metaphorical language shown during the
interviews. He was observed playing the role of pioneering guide and opening spaces for discussion. Such
discussions were clearly aimed at encouraging students’ ideas and at making them aware of their own ideas. In
his classroom, students are given the opportunity to think through alternative approaches to problems and to
consider the merits and disadvantages of applying different perspectivés. Fernando sees knowledge as socially
constructed. Accordingly, he raises discussions by questioning his students, who, in turn, also guestion him. In
consonance with his contextualist view of science, he sees scientific kiowledge as tentative, thus"changeable,
growing by means of human creation and connected with other domains of knowledge, culture, and social life.
Such views are strengthened by remarkable examples he takes from the history of science. His teaching
employs such knowledge to humanise physics by relating it to personal, ethical, cultural and political issues.
Whenever it was appropriate, he illustrated his teaching with historical instances. Fernando’s teaching is based
on a conceptual change model. He wants his students to understand the dynamics of scientific changes,
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because he wishes his students to understand their own paradigmatic changes. According to a conceptual
change teaching approach, Fernando’s classroom behaviour encourages students’ active participation. For
Fernando, dialogue is the source of the construction and reconstruction of knowledge. It can be said that his
approach to teaching is substantially different from approaches that prevail in school today. Fernando shows a
powerful way of thinking about teaching and learning science. In his classroom, the content is presented in a
balanced way; it is presented both as a theoretical and as an empirical and powerful, yet limited, way of knowing.

Conclusions

From Fernando's case study it is suggested that a teacher's most powerful tool in understanding and changing
his/her practice lies in his/her adherence to a theory of learning that is coherently based on an awareness that
learning science or producing scientific knowledge is a tentative process of solving problems. It is a process, in
which new conceptualisations fit or change old ones, such as how Fernando understands both processes. There
is a need to understand that students, as well as scientists, do not memorise what is known. Such are the views
that should drive the concept of teaching. The teaching of science is undermined if there is no coherent view of
learning science that takes into account the content of science. Teachers’ views of learning, teaching and of the
nature of science not only affect each other, but are driven by social forces and by teachers’ reflections on their
past experiences. Evidence suggests that, to be empowered, teachers need to hold views of learning, of
teaching and of the nature of science that are coherent with each other. That is, study suggests that a teacher
who holds coherent views is less vulnerable to external pressures. Such a teacher feels more securely that
he/she is qualified, and as such possesses the necessary knowledge of science and its learning and teaching.
Thus, when facing pressures, he/she is empowered to argue consistently to defend his/her ideas.

The study shows that in order to foster student’s understanding, a physics teacher may need to, in a dynamic
and interacting way, bring together three areas of knowledge: physics, psychology of learning and.philosophy of
science. Moreover, as practised by Fernando, science teachers may need to produce alternative-approaches
that take into account differences in students’ ways of learning. In summary, understanding the subject matter
one teaches, how students learn science, how scientific knowledge is constructed and the way these three areas
of knowledge interact may enable the teacher to make instructional decisions to. foster understanding.

As an overview, it can be said that a teachers’ epistemological models (his/her understanding of the nature,
origin, and warranting of knowledge and truth) and models of scientific methodology (the methods and
techniques that are appropriate and valid to use, generate and justify knowledge, given the epistemology) inform
their models of learning (how it can be known), and through their interaction inform their models of teaching (the
means to facilitate learning according to the teachers’ epistemology). That is, there exists a complex tripartite
relationship in which one model informs the other through interaction (Swift, 1982).

Implications and Future Research

This study indicates that a teacher's most powerful tool in understanding and changing practice is a theory of
learning based on the awareness that the construction of knowledge is tentative. This study indicates that
insights into teacher's models of science and learning science are required in attempts to change their
approaches to teaching. However, after analysing this case study, some questions remain do teachers ‘models
influence students’ views of science? Do teachers' models have any influence on students learning of scientific
concepts? Hence, further analysis could look in detail at the model of science the students acquire from their
teachers. :

As we can conclude from this case study, the opening question “What do teachers need to know?” in fact, has
no single answer. So, it must be acknowledged that this research work has only started a discussion and has
suggested opportunities for more research. There is a need for further description in other instructional settings.
Could Fernando teach in the same way in a completely different setting? How does curriculum affect teaching?
Finally, it might be helpful to conduct this sort of research within the context of teacher education. In this way, we
can look at the development of future teachers’ models of science and how this development affects their
understandings of learning and teaching. Thus, we can look at the development of their models of pedagogy.
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Table 2 - Summary of Fernando’s model of science

Theme .

Fernando's Overall View

Science in General

A human activity in which one sets up a distinct object to study;

Socially constructed, it is a rational activity that systematically organises
thought and observation leading to the organisation of a language without
internal contradictions. '

Aims of Science

Science tries to:

Describe;
Explain; and
Predict, nature's behaviour.

Starting point of
science

Scientists' knowledge;

Scientists’ belief that nature can be accessed, and that events in the
universe occur in consistent patterns that are comprehensible, through
careful systematic study.

Methodology

There are many methods;

The object of study determines the methodology;

Methods are a consensus within the specific scientific community
(paradigm).

Criteria of theory
choice

As a last resort is set by reality;

A rational triangular negotiation (scientist-reality-scientist) until a consensus
is reached; '

Theories can be maintained even in the face of contradictory data.

Scientific Progress

Historically, and socially determined;
Discontinuous - periods of growth by accumulation of knowledge
interspersed by periods of ruptures with previous knowledge.

Status of
ScientificKnowledge

Coherent discourse based upon logic and internal consistency;

Opposes mere opinion;

Opposes common-sense thinking (appearance is different from essence);
Systematic pattern of thought.
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Table 3. - Summary of Fernando’s Model of Teaching and Learning Science

Aims of education

* tosituate each person historically; and

* to open spaces for individuals to challenge existing knowledge;
» to help people

» to make sensible decisions in conducting their daily lives;

» to enhance one's competence as a social actor.

Aims of Science

« should be the bridge that establishes a new relationship between the

Education individual and nature.
Teaching is:
: 1. Challenging students' ideas;
c_t;ncel;:_ts of 2." Discussing;
eaching 3. Questioning; . ‘
4. Helping students to reflect.
Approaches to » Revolutionary conceptual changes by challenging students' ideas during
Teaching whole classroom discussions.

Teacher's Role

» Pioneering Guide (space opener).

Concepts of Leaning

Construction of knowledge by:
» Dialoguing

Process of Learning

» Overcoming epistemological obstacles;
« Making sense of information; and
« Fitting information into previous knowledge.

Students’ Role

Builders of their own knowledge -
» revolutionary and normal scientists.

The role of
experiments in
science teaching

Context bound:
» To reply to questions that have been formulated by students themselves.
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027 NON-TRADITIONAL CAREERS FOR BLACK
CHILDREN IN SOUTH AFRICA

Eunice Dlamini (etdlamini@pan.uzulu.ac.za)
University of Zululand, South Africa

Abstract

This study sought to investigate if black grade 7 learners in South Africa are beginning to think about getting into
non-traditional careers. The study also sought to investigate whether the learners have an interest in learning
science and technology. It was found that the learners had positive attitudes toward science and technology.
However, they were not so sure about their abilities to succeed in science and technology oriented careers.
There appeared to be a lack of self-confidence and self-esteem with reference to being able to operate a
computer or successfully studying engineering. Careers that were chosen by girls consisted of 81.48% traditional
service careers, which involve caring for people. Among boys only 56.67% chose traditional careers while
43.33% chose engineering. Although a sizeable number of boys chose engineering, none of them specified the
field of engineering they wanted to pursue. The study showed that there was a need to expose black learners to
other careers they may not know about. Lack of access to television and the internet denies a lot of black
children access to information.

Introduction

Never before in the history of the world has the quality of people’s lives been so closely linked to science and
technology. There is no doubt that there is a strong link between sound economic well being and scientific and
technological literacy. Our struggling economies in Africa and poor advancement in technological expertise
places us in the category of undeveloped nations. In South Africa, a significant portion of our population lives in
dire poveriy with no basic amenities and proper schooling facilities. It is this poor majority of black people
consisting of a population of predominantly young people that are not in the mainstream of science and
technology. These young people are found in rural areas where most schools are without electricity and running
water. The teachers of these schools face a great challenge to demystify and popularise science and technology
among these communities of learners.

Motivation for the study

The new democratic government in South Africa has made it its priority to deliver service to communities that
had no access to clean water, telephones and electricity. Rural communities in particular and their schools are
being assisted to embrace technology. Barriers to access to technology by rural populations are gradually being
broken down. The teaching of mathematics, science and technology are being encouraged in all black schools.
The teachers in black schools are in most cases hardly qualified to teach science subjects but they are doing
their best under the circumstances. Because of all these changes that positively promote the learning of science
and technology, | wished to research whether grade seven learners were being positively stimulated to choose
non-traditional careers. The choice of non-traditional careers by learners would indicate the impact of learning
science and technology.

Methodology

Two hundred grade seven learners from four primary schools in rural areas of South Africa, answered a
pre-tested questionnaire. Issues covered by the questionnaire were the learners’ attitude toward science and
technology and what their future career aspirations are. The aim of the research was to find out if grade seven
learners are beginning to think of choosing non-traditional careers that are science and technology related.
Secondly, | wanted to find out how the girls choices of careers would differ from those of boys. It is important
from time to time to determine if we as a country are achiéving equity in the field of education. Women's
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education is of strategic importance hence the expression that if you educate a man you educate an individual
but if you educate a woman you educate a nation. It is important that women are encouraged to embrace -
science and technology because gender inequality in opportunities to learn is the root of inferiority complex that
affect women throughout their lives.

Results and discussions

-Learners’ responses to statements of interest in Science and Technology

Responses in percentages
Statements Agree Disagree/Uncertain
1. | would like to be a scientist 89.13 10.87
2. We learn important things in the science classroom 76.29 23.71
3. | think | have an ability to become an engineer 55.57 43.43
4. | don't think | have an ability to operate a computer -51.61 48.39
5. | want to be an engineer to help develop my country 79.17 20.83
6. Everyone should learn about science and technology 95.92 428
7. I don't think | have an ability to do science 29.17 70.84

The results show that the majority of grade sevens have a positive attitude toward science and technology. The
 positive attitude toward science and technology are shown by scores for items 1,2,5, 6 and 7 which are 76.29%,
89.13%, 79.17%, 95.92% and 70.84% respectively. However, it was noticed that self confidence and self esteem
was lacking as indicated by items 3 and 4. These items show a dramatic indication of uncertainty about being able
to cope with a career in engineering and operating a computer. One may say, therefore, that it is necessary to help
learners develop self-esteem that will encourage learners to think about breaking the mould and get into
non-traditional careers. It is true that embracing science and technology will not be easy for black leamers who
have in the past been made to believe by the past apartheid government that they had no ability to pursue science.

In a study undertaken by the South African Forum for Research and Development, Kgaphola (1999) confirms
that the numbers of black students in science, engineering and technology (SET) is very little. The black
students listed the following reasons as major obstacles in pursuing science:-

(@) Poor mathematics and science education at school. Infact for some reason, a phobia of mathematics and
science is entrenched in black schools.

(b) The teaching language barrier, that is, students learning in a foreign language. Black learners speak
different indigenous languages but are taught different subjects in English. Communication therefore
becomes a major problem. Sometimes the teacher teaching the subject is himself not competent in the
foreign language.

(c) The learners are discouraged from following science and technology at school level because of the
teachers' perceptions.

(d) The lack of positive role models.

The issue of role models is important, but in reality there are very few black role models in non-traditional
careers. With proper training in matheniatics, science and technology education, teachers can act as role
models. They can act as sources of information about different non-traditional careers. They can inspire the
learners, help them to understand and accept that they can learn science and succeed in doing so. Past studies
have shown that role models are important in motivating youngsters to think about taking non-traditional careers.
The route of using role models has been used-by Americans to encourage Black Americans to take
mathematics, science and technology careers.
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The Museum of Science in Chicago (1988) presented a teacher's guide on “Black Achievers in Science” which
an emphasised that scientists are real people and that some are black persons. There was a clear message that
science and technology careers are within reach of anybody who is prepared to work toward achieving his/her
goal. One of the objectives of Black Achievers in Science was to make black youths aware of science and
engineering as desirable careers; as well to make them aware of how they prepare for such careers.

Grade Seven Choices of Careers

Boys career choices % Girls career choices %
Teachers 6.67 Nurses 29.64
Engineers 43.33 Medical doctors 37.04
Policeman 16.67 Engineers 7.42
Medical doctors 26.67 Social worker 3.70
Technicians 3.33 Climatologist 3.70
Scientist 3.33 Computer technician 3.70

Computer programmer 3.70
Policewoman ' 3.70
Farmer 3.70
Teacher 3.70

Although the most favoured career for boys was engineering, none of the boys identified the engineering field
they wanted. It was also not surprising since engineering has always been identified as a career for gifted boys.
What was disappointing among the boys’ choices of careers was that the choices are still limited and dominated
by traditional careers like doctors, policemen and teachers. There is a very strong likelihood that the learners are
limited by what they know, hence a need for career education in black schools.

The girls had a larger variety of career choices than boys. It was interesting to note that they had included
non-traditional careers like climatologists, computer technicians and computer programmers. However, it is still
significant that 81.48% of girls chose traditional service careers (involving caring for people), like nursing,
medical doctors, social workers, farmers, teachers and policewomen. All these are careers that have for years
been recognised as suitable careers for women. There are many non-traditional careers that these grade sevens
seem not to be aware of. Some of these careers learners could choose from are medical biologist, pilot, chemist,
forensic scientist, medical biophysist, Information Technology Specialist, coastal geologist, web designer,
meteorologist etc. All these careers need a thorough and firm background in mathematics, physical science, and
technology. Most of the black primary school children, particularly those in rural areas will not have heard of
these careers. It is therefore unthinkable that they would aspire td gét into careers they have not heard about.
There is therefore a great need for career education to be emphasised from primary school level.

Conclusion

Most young people unless guided very well, do not realise the need for a strong early education in mathematics,
science and technology in order to prepare for a scientific career. Given freedom to choose their curriculum,
most black children would avoid the “difficult” subjects and choose easy subjects that do not prepare them
adequately to function in a fast changing scientific and technological world. Since the fall of apartheid in South
Africa in 1994, there are now no careers that are not open for other races. The teachers of black children
therefore need to help the learners to claim personal power and venture into new non-traditional careers that are
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now open to them. When the learners take science and technology seriously, human development will be
promoted. One of the main functions of science and technological literacy is to enable people to take their
destiny into their own hands so that they can contribute meaningfully to the progress of the society in which they
live.
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m PREPARATION OF POLISH NATURAL SCIENCE TEACHERS FOR
ENVIRONMENTAL EDUCATION IN THE LIGHT OF RESEARCH
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Abstract

In Poland, the condition of environmental awareness is not satisfying. To improve this situation, environmental
awareness should be developed very early. Result achieved in this area depend, on teachers, and also on the
education system. Due to the education system reform there appeared a feasible opportunity to improve the
state of environmental awareness among pupils. It is connected with the introduction of environmental issues to
each stage of education. In all types of schools the realisation of environmental issues in the didactic process is
carried out in two dimensions. One of them consists in comprising the issues in subject blocks or in traditional
subjects. The other dimension is an interdisciplinary educational path named environmental education.

Interdisciplinary paths are a new form of teaching in Poland. They refer to those areas of education which cannot
be ascribed to only one school subject. The realisation of the paths is the responsibility of each teachers who
include the contents of a given path in their subject programme. Before the introduction of the school reform, it
was only very keen teachers that carried out environmental education. Most often, teaching about the
environment was carried out in biology lessons. Nowadays, teachers of all subjects must be prepared to
participate in environmental education and they should be trained to perceive the interdisciplinary connections
and the possibilities of environmental education within the framework of their subjects. In connection with a new
role and place of environmental education in the Polish educational system, there appears a necessity to
introduce changes in teachers’ training. But before such changes are comprehensively introduced into high
schools where students train to become teachers, it is currently necessary to provide various forms of
supplementing education for presently working teachers.

Teachers in pre-secondary level, which is a new type of school introduced, are in especially difficult situation. To
know their opinion about their preparation for environmental education, and about their needs in the education
scope, we have conducted the following research.The obtained results reveal insufficient preparation of
pre-secondary natural sciences teachers to take charge of environmental education in the newly changed
conditions. They also show that the surveyed persons are aware of that fact. The teachers know which didactic
solutions are most efficient in developing pupils’ knowledge, skills and attitudes. That is why most teachers
acknowledge the need to train in the area in question. The teachers show interest in various training topics. The
presented research results are used in organising teachers’ training.

Introduction

The aim of environmental education is to prepare society to live in accordance with the principles of sustainable
development. It is connected with the Earth inhabitants’ awareness of the fact that the future of our planet
depends on how we will be using the environment. This awareness should be based on broad knowledge
concerning the environment on the global scale, and the knowledge of its natural, economic and social aspects.

In Poland, the condition of knowledge in this area is not satisfying. Research carried out among students and
adults indicate that problem. To improve this situation, environmental awareness should be developed as early
as one's childhood. Results achieved in this area depend, to a large extent, on competent, highly-qualified,
conscious of their role teachers, and also on the condition of the education system. In Poland, this system has
undergone a radical change since 1999. Due to the education system reform there appeared a feasible
opportunity to improve the state of ecological awareness among Polish pupils - the future ordinary users of the
environment or decision-makers. It is connected with the introduction of environmental issues to each stage of
education. In primary, pre-secondary and secondary school the realisation of environmental issues in the
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didactic process is carried out in two dimensions. One of them consists in comprising the issues in subject
blocks or in traditional subjects. The other dimension is an interdisciplinary educational path named
environmental education. »

Interdisciplinary paths are a new form of teaching in Poland. They refer to those areas of education which cannot
be ascribed to only one school subject. The headmaster of a school is responsible for including the educational
paths issues in the school curriculum. The realisation of the paths is the responsibility of each teachers who
include the contents of a given path in their subject programme. .

Before the introduction of the school reform, it was only very keen teachers that carried out environmental
education at schools. The contents of the teaching programmes were treated cursorily and fragmentarily. Pupils’
knowledge concerned mostly the disastrous state of natural environment. There was no emphasis on developing
abilities to use the environment in accordance with the principles of sustainable development, or on adopting - -
proper attitudes towards the environment. education within the framework of their subjects. These are new tasks
for them Most often, teachi